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M*s TIMES in its short but colorful history 
the petroleum industry has had to bow to 
progress, and bow low, but it has grown strong in the 
process. True, cherished notions regarding liberty of 
action in the production of oil have had to be dis- 
carded. For many years the “law of capture” prevailed. 
It eventually became a serious obstacle to progress. 
Today, thanks to a better understanding of production 
principles, it has become obsolete. Enlightened methods 
of reservoir control have taken its place. Adherence 
to the law of capture was probably due to a lack of 
knowledge of the true characteristics of oil pools and 
how to utilize the natural energy they contained. It was 
not until fifteen years ago that the possibilities of con- 
serving reservoir energy and the benefits accruing 
therefrom dawned on the industry. Since then, pro- 
ducing technique has been revolutionized. Abandon- 
ment of the law of capture and the rise of reservoir 
control methods of production is a brilliant chapter of 
progress in the history of oil production. Nor should 
it be forgotten that this record of accomplishment re- 
sulted from the industry’s own efforts and the desire 
for greater economy and efficiency. It is surprising, 
therefore, to find government control of oil production 
to reduce waste being advocated. 


The greatest need for production research at the 
present time lies in the improvement of production 
methods. There should be greater emphasis on research 
by oil executives. Hundreds of thousands of dollars 
are risked in wildcatting, but there is a reluctance to 
invest in production research to increase recovery from 
present oil reserves. Why this should be so is hard to 
understand. Improved methods of production offer a 
fertile field for increasing recovery and revenue. It is 
estimated that an increase of only ten percent in pres- 
ent recovery methods would mean an increase of ten 
million barrels of oil a year. A reduction of ten cents 
a barrel in recovery costs would mean an increase in 
revenue of one hundred million dollars. Production re- 
search is something for executives of the industry to 
think about. 


In the refining branch of the industry technical 
skill has played a great part in reducing costs through 
the adoption of efficient refining methods. The trend 
is still toward more highly-trained personnel. The in- 
creasing demand for special products emphasizes the 
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necessity for closer and more exacting operating con- 
trol of refining processes. In the development of new 
refining processes, pilot plants and semi-commercial 
plants are being more widely employed. Even the 
smallest refiner has discarded rule-of-thumb methods 
for scientifically controlled methods based on funda- 
mental engineering and chemical principles. More than 
ever before the refiner seeks to determine the properties 
that are needed in a product, and from these specifica- 
tions he works to produce the product required. In 
lubricant manufacture, the use of addition agents in 
particular is receiving greater attention. Synthetic rub- 
ber is now manufactured from petroleum products 
and is a far-reaching development. Cracking is one of 
the greatest conservation measures in the petroleum 
industry. It has more than doubled the yield of motor 
fuel per barrel of oil, with anti-knock quality that 
gives more than forty percent more miles per gallon 
than does natural gasoline. Since 1913, when the first 
commercial cracking plant was put into operation, the 
estimated saving amounts to more than thirteen billion 
barrels of crude oil. These facts on the refining indus- 
try are evidence of progress. 


In the field of pipe line transportation some notable 
projects recently completed indicate many new devel- 
opments. Topography, climatic conditions, and char- 
acter of the oil are all items of transcendent importance 
in modern pipe line design. Innovations in pipe-line 
construction include a machine for coating and wrap- 
ping couplings, work formerly done by hand. A special 
ditching machine has been developed that facilitates 
ditching operations in rough country and where 
boulders are encountered. Another new aid in pipe-line 
construction is the swabbing of long lengths of line 
by means of a swab operated by compressed air. In 
one instance, forty miles of line was swabbed by this 
method. 


In natural gasoline manufacture recycling opera- 
tions continue to hold the spotlight. During a period 
of little more than two years some nineteen plants have 
been constructed and put into operation and twelve 
more are under construction or contemplated. Because 
of the newness of the art many new developments can 
be expected. 

The foregoing are but a few of the facts and impres- 
sions gleaned from a review of progress and trends in 
the petroleum industry. 
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A Review of Oilfield Development 
and Drilling Methods 


ILFIELD development and drill- 

ing methods are, by their very 
nature, subject to constant change and 
improvement. They are becoming in- 
creasingly dependent on science and 
scientific research. In the discovery 
and development of deep fields prob- 
lems are constantly confronted because 
of the necessity of working at ever- 
increasing depths. Overcoming of the 
difficulties that do arise usually leads 
to modification of existing practices, 
or the introduction of new methods 
the development of which is made 
possible by engineering skill, mechan- 
ical ingenuity, and scientific research. 


Well-Spacing and Reservoir 
Control 


Among the factors of fundamental 
importance in oilfield development is 
that of well-spacing. It is now given 
foremost attention in planning the de- 
velopment of new fields. A well-planned 
spacing program is essential to efficient 
reservoir control. Despite this fact, 
well-spacing is still largely decided by 
arbitrary assumptions based on past 
experience. The essential factors that 
should govern well spacing are still 
a matter of doubt. As a matter of fact 
“a decisive and conclusive answer to 
the problem of well spacing in any 
general form does not seem to have 
been developed.”** This does not mean 
to say that no progress is being made 
on the problem. There is a growing 
appreciation of the importance of well 
spacing. Evidence of this is seen in the 





1a Numeral refers to references at end of ar- 
ticle. 
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trend toward wider spacing of wells. 
It seems wise to err on the side of too 
wide a well spacing; closer spacing 
can always be adopted at a later date 
if reservoir conditions and economic 
considerations justify such a step. 

To obtain efficient reservoir per- 
formance a number of strategically 
located wells is necessary to provide 
for adequate control of the displace- 
ment of oil by water or gas.” 

In an effort to appraise reservoir 
conditions early in the life of the field, 
means of obtaining core samples under 
pressure have been developed. Engi- 
neers of the U. S. Bureau of Mines 
have been working on this problem. 
They find that “The study of methods 
of determining the oil content of reser- 
voirs under high pressures has resolved 
itself into three parts: (1) Develop- 
ment of a device to cut and seal core 
specimens under reservoir conditions; 
(2) development of a method to pre- 
vent the contamination of the core 
during the coring operation; and (3) 
development of a method of analyzing 
the cores recovered. Considerable work 
has been done on the first step; and a 
core barrel has been devised which ap- 
pears to have good possibilities. Only 
preliminary study has been given to 
the second step, which seems to be the 
most difficult part of the program. 
Work on the third step has been begun, 
and a method of analysis has been out- 
lined which from the initial test ap- 
pears to offer a satisfactory solution of 
this problem. Analytical data from 
cores are of limited value to date as 
the one core that was analyzed in the 
laboratory had been partly depleted of 


its pressure before reaching the lab- 
oratory.””® 

Another pressure core barrel is being 
developed by a Mid-Continent oil com- 
pany.* Although it is still in the ex- 
perimental stage, it gives promise of 
being successfully developed to the 
point where it can be put into wide 
practical use. 

Proration and deep drilling have 
brought the question of the most eco- 
nomical well diameter to the attention 
of the industry. The optimum well di- 
ameter is of great economic impor- 
tance, especially in deep wells. Under 
proration practice the need for a large 
hole is less essential than in the days 
of unrestricted production. From all 
the studies that have been made to 
date on this problem no data have been 
uncovered that provide a solution to 
this question. There is, however, a 
trend toward smaller diameter holes. 
The choice rests with the individual 
operator. He must determine his cas- 
ing program by considering local field 
conditions and other economic factors. 

State regulations are playing an in- 
creasingly important part in oilfield 
development operations. Most of the 
oil-producing states have rigid require- 
ments regarding casing programs, water 
shutoffs, blowout prevention, and 
well completion. They require infor- 
mation on subsurface conditions and 
are relying more and more on bottom- 
hole pressures, gas-oil ratios, and other 
similar data for observing changes in 
the reservoir resulting from with- 
drawal of oil and gas. In other words 
State regulatory officials are now striv- 
ing to establish equitable proration, or 
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as one state official has put it, to place 
pools on an “optimum-equitable-rate” 
basis of production. This optimum 
equitable rate is defined as, ‘“The great- 
est recovery of oil with the minimum 
quantity of gas for each pound reser- 
voir pressure used from the reservoir 
as a whole, and the production from 
the reservoir distributed in a reason- 
able, practicable manner so that avoid- 
able drainage is prevented and equity 
assured the owners of the reservoir 
oil.” 

This state official also believes that 
allocating production on an acreage- 
times-pressure basis will prevent reason- 
ably avoidable drainage, prevent the 
drilling of unnecessary wells, and 
closely approach equity in production. 


Drilling Practice 


Evidence of the efforts being made 
to obtain greater economies in drilling 
is the interest shown in drilling speeds. 
Rate-of-penetration studies are now in 
progress in many parts of the country. 
It is found that information on rate of 
penetration aids in classifying the for- 
mation penetrated and in developing 
a more economical drilling technique. 
Recording instruments are used where 
possible and the results are correlated 
with logging. Rate-of-penetration rec- 
ords provide a means of evaluating 
drilling bit renewals.° 

Deep drilling is more active on the 
Gulf Coast than in any other part of 
the world and remarkable drilling 
economies have been made there during 
the last 10 years. For example, 10 
years ago a rig move often took 10 
days, now it usually is less than a 24- 
hour job. Not only is the rig moved 
but in many instances 1000 ft. of 
surface casing is set at the new well 
within 24 hours. This has meant an 
average saving of $1000 per well. Dis- 
mantling, moving, and rigging-up have 
been expedited by the unitization of 
equipment, systematic planning, and 
improved transportation equipment 
such as crane trucks and heavy-duty 
trucks and tractors." 

Investigations of drilling efficiency 
also showed that one-third of the drill- 
ing time was spent running-in and 
pulling-out of the hole. This empha- 
sized the importance of bit service. Bits 
have been improved until today the 
time spent in running-in and pulling- 
out is only about one-fifth of that 
spent on bottom. Drilling speed has 
increased from 5 ft. to 50 ft. per hour 
and bit footage from 75 to 1000 ft. 
All this improvement has taken place 
in 10 years of intensive study and de- 
velopment.” 

Mud control plays a big part in 
drilling efficiency. Field laboratories for 
mud control are now in general use. 
Evidence of the part that mud control 
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has played in Gulf Coast drilling is 
seen in the fact that 8000 ft. or more 
of open hole can be drilled without 
the need for casing, a practice that is 
quite common in the Gulf Coast. 
Although drilling equipment costs have 
increased in proportion to well depths 
the time required to drill deep wells 
has remained fairly constant, and av- 
erages about 90 days for the Gulf 
Coast.’ 

Within the last 10 years drilling has 
been speeded up four to five times. 
Six thousand ft. wells are now drilled 
in 12 days. Ten years ago 3000-ft. 
wells required 30 days to drill. The 
overall cost on the Gulf Coast for 
drilling and completing wells 5000 to 
6000 ft. deep will average between $3 
and $4 per ft.’ Contrast this with 
costs of 10 years ago. Then, wells 3000 
to 4000 ft. deep cost $8 per ft. 

So-called “‘weight-tapering” of cas- 
ing has been a factor in reducing cas- 
ing costs. Weights and grades of casing 
that meet requirements for bursting 
strength, tension, and collapse are 
chosen for use in combination strings.‘ 

In deep wells casing becomes a con- 
siderable item of cost. It is also an im- 
portant item bearing on the safety of 
the well. The design of a casing string 
for a deep well is strictly an engineer- 
ing problem. For this reason it has been 
emphasized that the minimum per- 
formance characteristics of casing be 
established and used rather than the 
average properties. By adopting the 
minimum rather than the average per- 
formance properties of the casing 
greater safety should result, because 
there will be less danger of failure 
under normal conditions. These mini- 
mum performance properties should be 
as high as possible. This will mean that 
manufacturers will be required to pro- 
vide casing with more uniform prop- 
erties that will deviate less from the 
average properties and thus obtain 
higher minimum values without in- 
crease of average values.* 

The selection of steel for the manu- 
facture of drilling equipment is being 
given increasing attention by the de- 
sign engineer, the production engineer. 
and the metallurgist. There is much 
closer coéperation in this connection 
in recent years and great strides are 
being made, evidence of which is the 
reduction in drilling costs that has 
been effected.” Such items as affect 
performance are given study. These 
include deflection, stress concentra- 
tion, abrasion, corrosion, wear, shock, 
and fatigue stresses. By so doing, costly 
steel and costly treatments are avoided. 
Sometimes the selection of the best 
steel for a given service is affected by 
the decision regarding treatment and 
surface characteristics demanded. 

There is a distinct trend toward 








higher rotating speeds in rotary drill- 
ing. Rotating speeds as high as 750 
r.p.m. have been used. Speeds as great 
as 600 r.p.m. have been attained in a 
well drilled to a depth of 12,375 ft. 
The well was drilled in record time 
and with minimum deviation from the 
vertical. 

It is a remarkable fact that the rate 
of penetration in drilling, despite its 
importance, has been given compara- 
tively little real study until only re- 
cently. There are now available instru- 
ments for recording the rate of pene- 
tration. This information when corre- 
lated with other penetration data, such 
as torque, mud pressure, rotary table 
speed, weight on bit, and well depth 
gives promise of becoming a valuable 
factor in increasing the efficiency of 
drilling operations. Factors that govern 
the rate of penetration in drilling are 
now the subject of investigation, and 
great advancements are likely to result 
when these factors are known. 

Slim-hole drilling heretofore em- 
ployed in exploratory work, is em- 
ployed in some areas as a regular drill- 
ing method. In most areas, however, a 
modified form of slim-hole drilling is 
preferred. The objection to having too 
small a hole is that in case of oil being 
found there might be some difficulty 
in producing it. Advantages of a large 
hole in the pay sand are recognized, 
but it is pointed out that this can be 
attained without the necessity of drill- 
ing a large hole from the surface. It 
is often possible to underream and 
gravel-pack and thereby obtain the de- 
sired results. In hard sandstone or lime- 
stone, shooting or acidizing, or both 
may be practicable in enlarging the 
size of the hole. One of the chief 
causes of prejudice against small holes 
is the fear of a fishing job. This fear, 
however, is disappearing. Today, fish- 
ing jobs in rotary wells are on the 
whole not so serious as they used to be, 
thanks to improvements in methods 
and equipment. It is quite likely that 
the trend toward smaller-diameter 
holes in deep wildcat drilling will con- 
tinue and that eventually the size of 
hole will be a choice somewhere be- 
tween the large diameter hole and the 
so-called slim-hole."” 

The largest submersible barges for 
marine drilling ever constructed were 
put into use recently on the Gulf 
Coast.'' They are designed to maintain 
stability when 12,000 ft. of 9%%-in. 
casing is suspended in the hole and 
14,000 ft. of 4%-in. drill pipe is 
standing in the derrick. All machinery 
on the barge is steam-driven. The boil- 
ers, installed on a separate barge, sup- 
ply superheated steam at 300-Ib. pres- 
sure. The main drilling barge consists 
of two barges joined by tranverse 
trusses. A space, or slot, between the 
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hulls permits moving the barge off the 
site after the well is completed. Each 
hull making up the main barge is 32 
ft. wide by 145 ft. long by 10 ft. 
deep. When joined together the overall 
area of the barge, including the 8-ft. 
slot between the hulls, is 72 ft. by 145 
ft. The derrick floor and main working 
level is 15 ft. above the deck and hull 
and is supported by massive steel mem- 
bers that make up the superstructure 
of the barge proper. The barge is 
completely equipped with mud tanks, 
drill pipe, and casing racks. The two 
drawworks with which the drilling 
barge is equipped, face each other on 
opposite sides of the V-side of the der- 
rick. Living quarters are provided for 
the drilling crew. This provision is 
made in case of the crew being stranded 
during a severe storm." 

Five oilfield type boilers are installed 
on the boiler barge, which measures 36 
ft. wide by 100 ft. long by 10 fet. 
high. The hull of the barge supports 
the boilers, fuel tanks, water tanks, 
and all the steam-generating equip- 
ment."* 

Removal of the mud cake from the 
wall of a drilling well during comple- 
tion frequently presents a problem. The 
mud cake may vitiate the cementing 
job, but more important, if it is on the 
face of the producing sand it may seri- 
ously affect production. As an aid in 
overcoming trouble of this sort, there 
has recently been developed a mud 
acid that dissolves the mud. This 
method of removing mud from the 
face of the sand is quite different from 
acidizing as practiced in limestone 
areas and so must be considered an im- 
portant innovation.’* 

Great progress has been made in the 
use of drillable metal in well comple- 
tion. In the Illinois field the use of 
drillable metal sections has practically 
eliminated the necessity of drilling 
separate wells for multiple sand pro- 
duction. It has also made possible a 
thorough testing of doubtful forma- 
tions that might otherwise have been 
cased-off. In general, the use of drill- 
able metal has greatly increased the 
flexibility of well completion meth- 
ods.** 

There is a growing interest in the 
use of hydraulic torque converters in 
rotary drilling. One such drilling unit 
is direct-driven from cither a 150-hp. 
or 200-hp. internal-combustion engine 
through a hydraulic torque converter 
and geared speed increaser to a mod- 
ern, high-speed rotary. By virtue of 
the torque converter the unit possesses 
the characteristics of a steam-driven 
unit and has a wide range of power and 
speed. The hydraulic drive cushions 
the inherent shocks that accompany 
the rotation of a long string of drill 
pipe in torsion at high speed. 
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Coring 

Mechanical coring is a problem in 
deep wells because of the necessity of 
having to make round trips. It is for 
this reason that the wire line retrac- 
tible core barrel has almost completely 
displaced the regular core barrel in 
Gulf Coast deep’ drilling operations. 

Other electrical logging methods 
and side-wall coring devices are reduc- 
ing exploration costs and are being 
more widely used in preference to reg- 








S is our custom, editorial 
features such as “The 
Petroleum Engineer’s Con- 
tinuous Tables,” “Laugh With 
Barney,” “Activities in Refin- 
ing,” “Highlights in Oildom,” 
etc., are omitted from this 
Midyear issue. These fea- 
tures will appear as usual in 
the regular July issue and 
each issue thereafter. 




















ular coring in deep drilling operations. 

Reference has already been made to 
the development of pressure core bar- 
rels by means of which a core can be 
cut and brought to the surface under 
pressure and uncontaminated by drill- 
ing fluid.4;? They would yield precise 
information regarding reservoir condi- 
tions, such as the quality of oil, gas, 
and water, and other pertinent sub- 
surface data regarding reservoir pres- 
sure and temperature, and the perme- 
ability of the sand. 

The Carter pressure core barrel, 
which has been tested in the Illinois 
field, is 1-11/16 in. in diameter and 
6 ft. 6 in. long. The minimum outside 
diameter of the corehead is 61% in. It 
is stated that the core diameter can 
probably be increased without increas- 
ing the outside diameter of the barrel 
and that the length can be extended 
any reasonable amount. The results ob- 
tained to date have been encouraging 
enough to predict that recovery of sat- 
isfactory cores will soon be possible 
and that the percentage of core recov- 
ery will approach that of a conven- 
tional core barrel of similar size.* So 
far the work done on the Carter pres- 
sure core barrel has been confined prin- 
cipally to perfecting the design. The 
data obtained to date have been of 
little practical value other than show- 
ing wherein improvements can be made 
in the design and the technique of tak- 
ing cores. One of the major problems 
at present is the contamination of cores 
by drilling mud. The U. S. Bureau of 
Mines, in conjunction with the Ameri- 
can Petroleum Institute, has also had 


under development for some time a 
pressure core barrel. It is still in the 
process of being perfected. 

“Until all problems involved in the 
recovery and analyses of cores taken 
under pressure are solved satisfactorily 
it is impossible to predict the value of 
analytical data obtained through pres- 
sure coring. However, it is believed 
that if core contamination during the 
coring operation (apparently the most 
serious problem at present) can be con- 
trolled satisfactorily, the data procured 
by pressure coring throughout the 
thickness of the reservoir in several 
wells systematically spaced with re- 
spect to the outlines of the field will 
give more accurate data regarding the 
oil and gas content of the entire reser- 
voir than have been available hereto- 
fore. In other words, pressure coring 
when successfully developed will pro- 
vide facts in addition to those already 
at hand and should permit more accu- 
rate estimates of reserves than have 
been made in the past.””® 

Methods of analyzing cores have 
undergone many advancements in re- 
cent years. Portable core-testing lab- 
oratories are now in general use. Core 
analyses are made in the field and the 
results made available with a minimum 
of delay. This service is especially val- 
uable in wildcat drilling and obviates 
costly delays. 


Electrical Logging 


Electrical well-logging practice is 
constantly being improved and several 
new devices have recently been devel- 
oped. One of the most promising of 
these is known as the “mud-ditch” 
logger, the apparatus determines, while 
drilling, the presence of oil, gas, or salt 
water in the formations penetrated and 
also the depth and thickness of forma- 
tions. Continuous tests are made on 
the mud returns for oil, gas, and salin- 
ity. That portion of the mud exam- 
ined is related to the depth of the hole 
at the time that particular portion of 
the mud was ejected from the mud 
fluid passages in the head of the bit at 
the bottom of the hole. A complete 
fluid log of the formations penetrated 
is therefore possible. In addition to the 
fluid log, the rate of penetration versus 
depth is also obtained. This informa- 
tion may be used for correlating the 
variations in hardness of formations.’* 

There is one set of instruments for 
the detection and evaluation of oil, gas, 
and salt water in the mud returns, and 
another for correlating the showings of 
oil, gas, or water with their depth of 
origin. All instruments are electrically 
operated and power is obtained from 
the rig power supply. All the equip- 
ment is housed in a trailer and does 
not interfere with drilling routine or 
require mechanical changes at the rig. 
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There is a gas detector, and an oil de- 
tector. Ultra-violet light is used in the 
oil detector, which is capable of detect- 
ing quantities as small as one part of 
oil in a hundred thousand parts of 
mud. 

Salt or salt water determinations are 
obtained by placing electrodes in the 
ingoing and outgoing mud and com- 
paring resistances, proper allowance be- 
ing made for time taken for any in- 
crement in the mud screen to traverse 
the subsurface circulating system.** 

A depth meter automatically indi- 
cates at all times the total depth of 
the hole and also the position of the bit 
in relation to the bottom. There is 
also a drilling rate meter, which oper- 
ates in conjunction with the depth 
meter and contains a multiple point 
recording device that records drilling 
rate, gas readings, pump strokes, and 
power applied to rotary table. The 
chart runs against depth and not 
against time; so all readings are in 
relation to depth of hole. 

A rather recent development is a 
system of electrical logging while drill- 
ing is in progress. A continuous record 
is available on a chart at the wellhead 
during drilling. 

Still another well logging method 
has been introduced. It is known as 
gamma-ray well logging. This method 
is based on the radioactive properties 
possessed by all rocks. This property 
is directly and permanently associated 
with a given rock. Certain rays are 
emitted the intensity of which is meas- 
urable. A characteristic of these short 
wave radiations (gamma rays) is their 
penetrating ability. They can _pene- 
trate an iron plate many inches thick. 
By measuring the intensity of these 
radiations the rocks can be identified. 
This fact and the penetrating ability of 
the radiations permit the identification 
of formations in cased holes. It is in 
the logging of formations in cased 
holes for which the gamma-ray log- 
ging methods are especially adapted. 


Well Cementing 


The mixing of radioactive material 
in cement before pumping it into the 
well is a recent interesting means de- 
veloped for estimating the position of 
the cement behind the casing. After 
the cement is in place a gamma-ray 
survey is made to detect the position 
of the cement behind the casing. As 
the radio-active material is not af- 
fected by temperature or drilling mud, 
the survey can be made any time after 
the cement is in place. In this respect, 
it has an advantage over a tempera- 
ture survey, which must be made as 
soon as the cement is in place. The 
concentration of radioactive substance 
can be varied to change the gamma- 
ray intensity as desired.?® 
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Underground conditions in the Illi- 
nois oil fields have called for special care 
in cementing. The segregation of coal 
seams is imperative and also potable 
subsurface water supplies must be pro- 
tected against contamination. One 


practice followed in that field is to mix + 


small amounts of bentonitic clay with 
the cement. This was found to reduce 
channeling and also loss through 
“thief” strata.?® 

Other mechanical means of prevent- 
ing channeling cement have been de- 
vised. These include devices for cen- 
tralizing the casing in the hole. Lab- 
oratory tests indicate that channeling 
of the cement behind the casing is most 
likely to occur at the top of the cement 
column and much less likely to occur 
in the region of the casing shoe near 
the bottom where the cement enters 
behind the casing.*’ It is also found 
that mud cakes prevent good bond be- 
tween cement and wall of the hole. To 
overcome this trouble special mechan- 
ical scraping devices or scratchers are 
now employed to clean the face of the 
sand. 


Well Completion 


Gravel-packing is now advocated as 
a proper method of completion of 
wells in unconsolidated sands. Results 
obtained from gravel-packed wells in- 
dicate that current production rates of 
wells are more sustained; also that less 
cleaning out is required and conse- 
quently down-time is reduced. This 
results in lower maintenance and equip- 
ment costs. The several methods of 
packing that have been tried include 
pumping or dribbling the gravel into 
the annular space by reverse circula- 
tion; filling the bottom of the open- 
hole up as far as the shoe with gravel 
then washing or jetting the perforated 
casing or liner through the gravel to 
the bottom; simply placing the gravel 
in the bottom of the hole and produc- 
ing through the gravel without a per- 
forated liner (this method has not 
been found very successful in wells in 
which it has been tried); placing a 
liner on the bottom of which a basket 
is attached and hung just above the 
shoes: the annular space between the 
casing and the liner is then filled with 
gravel after which the liner is lowered 
into place, and enough gravel is put in 
to fill the annular space between the 
wall and the liner.?® 

Great advancements have been made 


recently in multiple sand completions - 


of wells. The object of this method of 
completion is to permit producing 
from one or more zones selectively, 
successively, or simultaneously into a 
common well bore. This is done by the 
use of special steel liners, by removal 
of sections of steel casing, or by use 
of sections of drillable metal liners. 








The use of drillable metal liners is now 
in general use in the Illinois fields. It 
has been successfully employed in more 
than 340 wells by 50 different oper- 
ators in 18 different pools of the IIli- 
nois Basin. By using this method of 
completion it is possible to control 
production from separate strata; to 
shut-off a water stratum; to control 
gas-oil ratio; to permit production from 
several different horizons; to permit 
successive exploitation of different pays 
because of difference in pressure, char- 
acter of oil, corrosive fluids, casing, or 
the like. It also renders it possible to 
produce from pay sands whose pro- 
duction is so low that to produce them 
separately would not be commercially 
profitable. As many as four different 
pay sands are being produced by this 
method from one well.'® 
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Recent Trends in Petroleum 
Production Research 


HE modern petroleum-producing 
To presents many and 
varied problems that are being studied 
and solved by engineers in the field and 
by research specialists in laboratories. 
Research and development organiza- 
tions supported by many of the larger 
oil companies and by oil industry sup- 
ply and service organizations have in 
recent years made notable contribu- 
tions toward our understanding of 
these problems. So profitable have been 
the results that such work promises to 
receive greater emphasis in the years 
to come than has been the case in the 
past. 

Some oil company executives have 
been short-sighted in their failure to 
give greater support to the activities 
of their research and development or- 
ganizations. Millions have been spent 
in the search for new petroleum re- 
serves. Oil companies in many in- 
stances have seemed quite willing to 
risk hundreds of thousands of dollars 
in “wildcat” drilling to test a new 
prospective area, with perhaps but a 
slim chance of finding commercial pro- 
duction. Yet they are reluctant to in- 
vest like amounts in research and de- 
velopment activities that might result 
in important increases in recovery or 
savings in production cost with result- 
ing profits far greater and more certain 
than could normally be expected in ex- 
ploration work. Many executives are 
coming to realize that there are bet- 
ter opportunities for increasing profits 
in the exploitation of present known 
fields and in improvement of methods 
and equipment than there are in the 
search for new reserves. The path by 
which we may realize such benefits 
leads through the research laboratory. 

The extent to which profits may be 
increased through small improvements 
in recovery efficiency and small reduc- 
tions in operating cost are not always 
appreciated. An improvement in pro- 
duction methods that makes possible 
an increase of 10 percent in oil re- 
covery, if applicable to the entire an- 
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nual production of the United States, 
would make possible the production of 
more than 100,000,000 bbl. of oil each 


Professor of Petroleum Engineering, 


year. An improvement in production 
equipment or methods that would re- 
sult in a reduction of 10 cents per bbl. 
in production cost would mean in- 
creased revenue to the industry of 
more than $100,000,000. Profits re- 
sulting from the discovery of a new 
oil field are earned only once, during 
the exploitation of that particular 
field. Profits resulting from improve- 
ment in recovery methods or reduc- 
tion in production costs apply to all 
future time and are earned in each suc- 
cessive year. 

Much of the advance in oil field de- 
velopment and petroleum production 
methods achieved during recent years 
has been a direct result of research. 
Drilling equipment and methods, for- 
mation testing and core inspection 
technique, behavior of reservoir fluids 
under high pressures and temperatures, 
fundamental conditions controlling 
drainage of oil and gas from their reser- 
voir rocks, well spacing, factors in- 
fluencing the efficiency of flowing and 
gas-lift wells, mechanical lifting de- 
vices for deep-well pumping, methods 
of artificially stimulating recovery 
efficiency, methods of excluding water 
from wells, methods of dehydrating 
crude petroleum emulsions, materials 
used in oil-field operations — all these 
and many other phases of petroleum 
production technology have been and 
are receiving the careful scrutiny of 
research and development specialists. 
Some of these aspects of petroleum en- 
gineering have been under technologic 
development for many years, and yet 
interest is greater in them today than 
ever before. Petroleum technology is 
continually unfolding; the pursuit of 
new knowledge is never finished—there 
is always room for further improve- 
ment in technique and equipment. The 
following paragraphs are intended to 
be in the nature of a brief review of the 
research and development problems 
that have been of particular interest to 
petroleum production technologists 
during the last few years. 
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Studies of Reservoir Fluids and 
Reservoir Mechanics 


Perhaps the most notable researches 
of recent years, of interest to petro- 
leum production technologists, are 
those that have as their objective the 
development of a better understanding 
of the physical properties of reservoir 
fluids under high pressure and tem- 
perature in deep-seated formations, 
and their behavior as they flow through 
the reservoir rock to the well outlets. 
These are fundamental aspects of the 
large and important problem of drain- 
age efficiency that apply to all systems 
of field exploitation and methods of 
oil recovery. The work of W. H. Lacey 
and his associates at the California In- 
stitute of Technology is worthy of 
particular reference in this connection. 
This program of research, supported 
by the American Petroleum Institute 
(A.P.I. Research Project 37) over a 
period of many years, still continues to 
produce interesting and useful data of 
fundamental character. Much of the 
material growing out of this research 
has appeared in authoritative publica- 
tions of the American Petroleum In- 
stite and the American Chemical So- 
ciety. Late in 1939, Sage and Lacey 
assembled much of their material and 
many of the conclusions growing out 
of this program of research in a trea- 
tise that is a classic in its field: a book 
that will be of utility to all who are 
interested in the fundamentals of 
drainage of petroleum from its reser- 
voir rocks,* 

As a result of these and other re- 
searches on fundamental properties of 
hydrocarbons? we now have instru- 
ments® and practical means of deter- 
mining the viscosity, surface tension, 
volume and density of oils saturated 
with dissolved gas, and the volume of 
dissolved gas under all practical reser- 
voir conditions, and means of predict- 
ing the phase behavior of mixtures of 
hydrocarbon gases and liquids*® as 
they exist under high pressure and 
temperature conditions in deep-seated 
reservoirs. Our knowledge of the ex- 
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tent of divergence of natural gas from 
the fundamental gas laws at high pres- 
sures and temperatures has been greatly 
improved by recent fundamental re- 
searches on compressibility and for- 
mation volumes of natural gas and 
gas-oil mixtures. Such information has 
been found helpful in many phases of 
oil field work, as, for example, in esti- 
mating reserves of oil and ultimate re- 
coveries obtainable, in well-spacing 
estimates, in natural gasoline recovery 
plant design, and in developing equip- 
ment for use in the comparatively new 
process of recycling gas in “distillate 
fields,” involving the phenomenon of 
“retrograde condensation.” 

In connection with these studies of 
reservoir fluids there has been an in- 
teresting development of instruments 
and devices for sampling fluids under 
high-pressure conditions in deep wells 
and for determining pressures and 
temperatures at depths within produc- 
ing wells. Studies of geothermal gradi- 
ents in oil fields, of interest to many 
petroleum engineers and_ geologists, 
the subject of an American Petroleum 
Institute research project some years 
ago, still continue.® 

Depth-pressure recording devices, 
under development during recent 
years, have now reached some degree 
of standardization and their use has 
become a matter of routine by mem- 
bers of the more technically-minded 
oil comnany staffs. Observations of 
bottom-hole pressures have entered in- 
to computations by petroleum engi- 
neers in many phases of their work and 
this technioue represents a verv imvor- 
tant forward sten in our knowledge of 
sub-surface conditions that is a good 
example of the benefits that may re- 
sult from research and development 
methods. 

Interest in the mechanism of flow of 
oil, gas, and water through reservoir 
rocks continues. Many years ago this 
was recognized as one of the impor- 
tant avenues of investigation leading to 
more efficient methods of oil recovery. 
Contributions have been made by 
many laboratories and individual in- 
vestigators, and the subject is still one 
of wide interest. Within the last year 
the results of new researches in this 
field have been reported, notably in 
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papers by M. C. Leverett,?)- 10 C, R. 
Hocott,® and H. G. Botset.°® 


Researches in this field have of late 
been concerned in part with studies of 
the effects of two- or three-phase sys- 
tems in which water, and sometimes 
also free gas, are mixed with the oil. 
Information obtained in these studies 
promises to be of value in predicting 
the behavior of reservoir fluids along 
edge-water lines and in water-flooding 
projects. Knowledge of the common 
presence of connate water in oil reser- 
voir rocks gives added significance to 
these investigations. 


The book entitled The Flow of 
Homogeneous Fluids Through Porous 
Media, by M. Muskat (McGraw-Hill 
Book Company, Inc., 1937), embodies 
much of what has been learned about 
drainage fundamentals in a program of 
research supported by the Gulf Oil 
Corporation over a period of many 
years. 

Many drainage studies have had as 
their objective determination of the 
ultimate percentage recovery by differ- 
ent systems or methods of field ex- 
ploitation. Widely varying results have 
been obtained confirming, for the most 
part, the opinions of those who have 
held that the usual percentage recov- 
ery by ordinary methods of flowing 
and pumping through wells is within 
the range of 10 to 35 percent. Recent 
studies have indicated, however, that 
the percentage oil recovery increases 
with the connate water content of the 
reservoir rock, recoveries of 50 percent 
or more being possible when a con- 
siderable part of the pore space of the 
reservoir rock is occupied by connate 
water. Several American Petroleum In- 
stitute committees are now focusing 
their attention on this problem and 
additional information that should fa- 
cilitate estimates of oil reserves and 
percentage recoveries by different 
methods and under different field con- 
ditions, may be expected in the near 
future. 


Formation Sampling and Core 
Analysis 


Application of research and devel- 
opment methods is resulting in better 
understanding of the lithologic char- 
acteristics of reservoir rocks and more 
accurate determination of their fluid 
contents. Techniques for determining 





*Botset, H. G., ‘‘Flow of Gas-Liquid Mixtures 
Through Consolidated Sand,’’ A.I.M.E. Tech. 
Pub. 1111, Oct., 1939. 
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Flow of Gas-oil-water Mixtures Through Uncon- 
solidated Sands,’’ A.I.M.E., Tech. Pub. 1206, 
Oct., 1939. 
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the porosity’? and permeability’? of 
formation samples are still under re- 
view, and improvements are being 
made and new methods devised lead- 
ing to greater dependability of results. 
It has been recognized that the fluid 
content of cores cut in the course of 
drilling with ordinary types of core 
barrels has been of little quantitative 
significance due to loss of reservoir 
fluids from the core during the process 
of cutting and subsequently during 
release of pressure.'* Lately there have 
been developed new types of pressure 
core barrels that imprison the core as 
it is cut in the well and prevent loss of 
oil and gas until the core reaches the 
inspection laboratory.'* 1° 

A problem that has troubled engi- 
neers and geologists engaged in sub- 
surface studies in the older fields is 
that of obtaining formation samples 
from the walls of previously drilled 
wells. This problem is being met in an 
interesting way by means of a device 
developed by engineers in the employ 
of one of the well-servicing companies, 
which involves forcing small retriev- 
able core-cutting cylinders into the 
walls of the well with the aid of ex- 
plosives.?® Other sidewall sampling de- 
vices now available include one in 
which a precision tool mills or cuts a 
sample from the wall of the hole, even 
in the hardest of formations. This de- 
vice also permits cutting through cas- 
ing when necessary. 


Determination of the relative 
amounts of oil, water, and gas in cores 
of producing formations and of their 
permeabilities, affords a basis for pre- 
diction of oil and gas reserves.’’ Such 
studies are particularly helpful in in- 
dicating the formation intervals from 
which commercial production may be 
obtained.’* Many oil companies now 
maintain core inspection laboratories, 
though the techniques employed are 
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comparatively new and are still under 
development.?® 

The American Petroleum Institute 
Committee on Core Analysis and Elec- 
trical Logging, with its representative 
regional sub-committees in different 
districts, is now engaged in formulat- 
ing standard methods of core analysis 
based on researches in various aspects 
of this technique. 

Electrical logging, now a widely 
used means of identifying the charac- 
ter of formations penetrated in the 
drilling of wells, is still undergoing 
further development, particularly in 
efforts to correlate results obtained by 
this means with the results of mechan- 
ical coring.”° At present, data obtained 
by electrical logging have only rela- 
tive or qualitative significance, and ef- 
forts are being made to devise means 
of interpreting them quantitatively. 
This is particularly important in esti- 
mating permeabilities and oil content 
of formations from such records. Direct 
comparisons of sand thicknesses, as in- 
dicated in the same wells by mechan- 
ical coring and subsequent electrical 
logging, have shown that in several 
California fields the sand thicknesses 
are considerably less than indicated by 
the electrical logs.2* The discrepancy 
is of significance in use of electrical 
logs in estimating reservoir storage 
volume and in prescribing the location 
of perforated intervals in screen pipe. 


Drilling Fluid Research 


Results of the first scientific studies 
of clay-laden fluids and their use in 
rotary drilling were published in 1923, 
but technologic interest in this field 
is more active today than ever before. 
Each year brings new information on 
this important subject that has resulted 
from painstaking research. The U. S. 
Bureau of Mines has in preparation a 
bulletin that will assemble much of 
the recent information on drilling 
fluids, gathered from many sources. 
An American Petroleum Institute 
committee has recently attempted to 
standardize the test methods that have 
been found appropriate for determin- 
ing the properties of clays and mud 
fluids. Recent progress has been par- 





18Walls, W. S., ‘“‘A Discussion of Some Ex- 
amples of Core Analysis Data,’’ A.P.I. Produc- 
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21Gosline, J. E., “Comparisons of Sand Thick- 
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ticularly in the direction of an im- 
proved understanding of the colloidal?* 
and filtrative properties?® 24.25 and 
surface chemistry of clays and shales.?¢ 
These properties are also of direct in- 
fluence in the control of heaving shale, 
a troublesome problem in the drilling 
of wells in many areas in the Gulf 
Coast area.*” A research project now 
under way at the University of Texas 
has as its objective the development of 
possible remedies for the heaving shale 
problem. 

A troublesome problem in well com- 
pletion has been that of clearing away 
the mud sheath left on the walls of 
the well in order to restrict as little as 
possible the admission of oil and gas 
from the reservoir rock. One interest- 
ing solution of this problem, an out- 
growth of laboratory research, is that 
of using pulverized limestone in the 
drilling fluid and attacking the result- 
ing wall sheath with acid.*® More re- 
cently, an acid has become available 
that will attack the constituents of 
ordinary drilling mud.”° 

Much investigative work has been 
done recently in developing chemical 
methods for controlling the permeabil- 
ity of rock walls in wells. Porous for- 
mations may quickly be sealed against 
loss of drilling fluid, or water excluded 
by introduction of chemicals that will 
precipitate in and clog the rock pores 
or coagulate the drilling fluid and in- 
crease its wall-building tendencies.*° 
Dow Chemical Company research 
technologists have given much time 
and effort to the development of such 


methods.** 





2Williams, M., and Cannon, G. E., ‘‘Evalua- 
tion of Filtration Properties of Drilling Mud,”’ 
Drilling and Production Practice, 1938, A.P.I., 
pp. 20-28. 

Loomis, A. G., Ford, T. F., and Fidiam, J. 
R., ‘Colloid Chemistry of Clay Drilling Fluids,’’ 
A.I.M.E. Tech. Pub. 1201, Oct., 1939. 

“Williams, M., ‘‘Radial Filtration of Drilling 
Muds,”’ A.I.M.E. Tech. Pub. 1112, Oct., 1939. 

>Byck, H. T., ‘Effect of Temperature on Plas- 
tering Properties and Viscosity of Rotary Drilling 
Muds,”’ A.I.M.E. Tech. Pub. 1116, Oct., 1939. 

26Garrison, A. D., ‘Surface Chemistry of Clays 
and Shales,’’ Petroleum Development and Tech- 
nology, 1939, A.I.M.E., pp. 191-204. 

Baker, C. L., and Garrison, A. D., ‘‘The 
Chemical Control of Heaving Shale,’’ The Pe- 
troleum Engineer, January and February, 1939. 

*Brantly, J. E., and Clayton, E. H., ‘Use of 
Pulverized Limestone as Rotary Drilling Mud,’’ 
Drilling and Production Practice, 1938, A.P.I., 
pp. 29-33. 

2Morian, Stanley C., ‘“‘Removal of Drilling 
Mud from Formation by Use of Acid,’’ The Pe- 
troleum Engineer, May, 1940. 

Garrison, A. D., and Ten Brink, K. C., “‘A 
Study of Some Phases of Chemical Control in 
Clay Suspensions,” A.I.M.E. Tech, Pub. 1124, 
Oct., 1939. 

31Fitzgerald, P. E., “Improvements to Chem- 
ical Treatments of Oil and Gas Wells,’’ Drilling 
and Production Practice, 1939, A.P.I., pp. 333- 
339. 
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Cement Technology Research 


Many research projects have been 
directed toward improvement in effi- 
ciency in the use of cement in exclud- 
ing water from wells. Technologists in 
the employ of cement manufacturers 
have contributed much to our knowl- 
edge of the properties of cements and 
the influence of subsurface conditions 
on their setting qualities. A special 
committee of the American Petroleum 
Institute recently published a tenta- 
tive code of recommended practices for 
testing, with descriptions of test in- 
struments of special types considered 
appropriate for testing oil-well ce- 
ments. Special types of consistometers 
(thickening-time testing instruments) 
have been devised for this purpose.®” 5% 
Progress is being made in developing 
types of cement that are capable of 
resisting the destructive chemical ac- 
tion of dissolved salts in sea water and 
saline ground waters.** A new method 
of determining the position of cement 
after placement behind a column of 
casing has been devised. This involves 
mixing a small quantity of radioactive 
material with the cement and then, 
after it has been placed behind the 
casing, traversing the well with an 
electrical device sensitive to gamma 
rays discharged by the radioactive 
material.** 


Gravel-Packing Research 


A comparatively new technique in 
well completion has recently come into 
vogue in certain California and Gulf 
Coast fields. This involves reaming the 
well through the reservoir rock and 
filling the enlarged hole between the 
wall of the hole and a concentric 
slotted or screen-pipe liner with gravel 
circulated-in with the aid of mud fluid 
or oil. Several purposes are served by 
this practice: to restrict influx of un- 
consolidated sand; to prevent caving 
of the walls against the liner and 
clogging of slots or screen openings; 
to reduce well and equipment main- 
tenance costs, and to increase the rate 
of recovery and ultimate recovery of 
the well.** This technique, as applied 





82Robinson, W. W., “‘Cement for Oil Wells: 
Status of Testing Methods and Summary of 
Properties,’’ Drilling and Production Practice, 
1939, A.P.I., pp. 567-591. 


33Farris, R. F., ‘‘Effects of Temperature and 
Pressure on Rheological Properties of Cement 
Slurries,"’ A.I.M.E. Tech. Pub. 1207, Feb., 1940. 

*“Rordam, S., ‘‘Sulphate-Resistant Cement,”’ 
A.I.M.E. Tech. Pub. 1029, Oct., 1938. 

Howell, L. G., and Frosch, A., ‘‘Detection 
of Radioactive Cement in Cased Wells,’’ A.I.M.E. 
Tech. Pub. 1113, Oct., 1939. 

*Clark, W. A., ‘“‘Economics of Gravel-Packing 
in California,’’ Drilling and Production Prac- 
tice, 1939, A.P.1., pp. 327-332. 


20 





to oil wells, was first suggested by the 
writer and the advantages were dem- 
onstrated by a series of laboratory re- 
search projects. During recent years 
these researches have continued, the 
objectives being to determine the ap- 
propriate size of gravel particles to use 
in terms of the size of sand particles 
to be restrained; the minimum thick- 
ness of gravel cylinder that will be 
effective and the relative advantages 


of mud fluid and oil as placement 
media.37, 38 


Materials Used in Well Casing and 
Drill Pipe Manufacture 


Research technologists in the em- 
ploy of steel and tubular goods manu- 
facturers have been unusually active 
in recent years in developing materials 
better adapted to the requirements of 
oil-well service and in assembling test 
data permitting more accurate design 
of casing installations. The American 
Petroleum Institute recently sponsored 
a symposium on resistance to collapse 
offered by well casings.*® Excellent pa- 
pers on this subject were presented by 
representatives of four different steel 
manufacturers, that provide a more de- 
pendable approach to the problem of 
designing casing strings against col- 
lapse than has hitherto been available. 
New information has also been made 
available by another symposium spon- 
sored by the American Petroleum Insti- 
tute on the properties of steel used in 
casing manufacture that influence its 
welding qualities.° Papers included in 
these symposiums present much recent 
research data. 

For some purposes, it is desirable to 
equip columns of casing in oil wells 
with sections made of materials that 
can easily be cut out with the drilling 
tools or “treated-out” with acid after 
the casing is in place in the well. Drill- 
able alloys developed by research meth- 
ods for this purpose are sufficiently 
strong to meet normal service require- 
ments and are capable of withstanding 
corrosive effects of acids or saline 
ground water.*! 





*Gumpertz, B., ‘‘Screening Effect of Gravel on 
Unconsolidated Sands,’’ A.I.M.E. Tech. Pub. 
1195, Oct., 1939. 

‘SHill, K., and Wheeler, E., ‘Factors Influ- 
encing the Efficiency of Gravel as a Screening 
Medium About Liners in Oil Wells,’’ A.I.M.E. 
paper, October, 1940 (in preparation). 

Drilling and Production Practice, 1939, 
A.P.1., pp. 383-502. 

“Drilling and Production Practice, 1939, 
A.P.I., pp. 511-566. 

"Hammer, O., ‘‘Applications of Drillable Ma- 
terial for Well Completions and Repair Work,’’ 
Drilling and Production Practice, 1939, A.P.I., 
pp. 503-510. 








A special study has lately been made 
under American Petroleum Institute 
auspices, of corrosion fatigue of drill 
pipe. It has been shown that many 
drill pipe failures may be due to the 
corrosive effects of certain constitu- 
ents of drilling fluids and from actiy- 
ity of sulphate-reducing bacteria.** 

The broader subject of corrosion of 
surface pipe lines has been studied by 
research methods for many years under 
a codperative arrangement between the 
American Petroleum Institute, the 
U. S. Bureau of Standards, and various 
interested oil companies. Special studies 
in this field have lately been made on 
corrosivity of soils,** protective coat- 
ings,** and cathodic protection*® of 
pipe lines to resist corrosion and in- 
ternal corrosion*® of pipe lines result- 
ing from certain constituents some- 
times present in oil and gas. 


The space available for this brief 
review has been sufficient to make only 
limited mention of some of the more 
important researches that have been en- 
gaging the interest of petroleum tech- 
nologists during recent months. Many 
other phases of petroleum technology 
have been under investigation and the 
list of technical papers to which ref- 
erence has been made is by no means a 
complete list of all reports on research 
projects that have appeared in the 
technical press. Perhaps, however, 
enough has been said to indicate to 
the reader the wide range of topics 
that have been under review. This 
work must go on: it is never finished. 
These same topics and many others 
must receive the attention of technol- 
ogists serving the petroleum industry 
in the years to come. Oil company re- 
search staffs, oil industry equipment 
manufacturers and service organization 
staffs, technical and professional indus- 
trial societies and institutes, govern- 
ment bureaus, research institutes, and 
educational institutions are participat- 
ing in this program. Every person now 
living and all who are to follow bene- 
fit by the results. It is a program wor- 
thy of our best efforts and support. 





“Speller, F. N., ‘“‘Report of Special Sub-Com- 
mittee on Corrosion Fatigue of Drill Pipe,”’ 
A.P.I. Production Bulletin 224, pp. 107-135, 
Nov., 1939. 

“Logan, K. H., and Koenig, E. A., ‘‘A Com- 
parison of Methods for Estimating the Corrosiv- 
ity of Soils,’’ A.P.I. Production Bull. 224, pp. 
25-38, Nov., 1939. 

44Rassweiler, C. F., ‘‘Protective Coatings,’’ 
Drilling and Production Practice, 1939, pp. 620- 
627. 

Scherer, L. F., ‘‘Cooperative Problems In- 
volved in Cathodic Protection,’’ A.P.I. Produc- 
tion Bulletin 224, pp. 39-59, Nov., 1939. 

46Morris, L. C., and Schulze, W. A., ‘Internal 
Corrosion of Gasoline Pipe Lines,’’ A.P.1. Pro- 
duction Bulletin 224, pp, 14-24, Nov., 1939. 
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Improved Processes in Manufacture 
of Motor Fuels From Petroleum 
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RUDE petroleums range from al- 
C most pure gasoline to solid asphalt 
as produced in the oil fields of the 
world. They have odors ranging from 
the rose and musk to a vileness greater 
than the skunk. Their colors when 
viewed in transmitted light vary from 
cherry, amber, yellow, green, and red- 
dish-brown to dense black, and under 
reflected light some crudes are highly 
fluorescent. Crude oils are composed of 
paraffinic, olefinic, naphthenic, and aro- 
matic hydrocarbons. Many crude oils 
contain sulphur in combination with 
the hydrocarbons—in amounts from 
traces to more than 6 percent; nitro- 
gen and oxygen content varies from 
0.1 to more than 1 percent. Traces of 
metals such as platinum, gold, silver, 
uranium, vanadium, and titanium have 
been found in some crude oils. A few 
Rumanian crude oils are highly radio- 
active. 

Crude oils are literally a wonder 
source of substances that are the foun- 
dation stone of a number of industries 
with many more to come. Their effect 
ramifies throughout our social and eco- 
nomic life and they will be a controll- 
ing factor in ultimate victory in a 
world now aflame with strife. 

A forward looking group of execu- 
tives, chemists, physicists, engineers, 
and a host of other professions have 
made the oil industry what it is—a 
$14,000,000,000 organization in the 
United States. An amazing amount of 
research is going on in every branch of 
the industry at an expenditure of more 
than $100,000,000 a year in order to 
discover, produce, and transport crude 
oil to refining centers for conversion 
into products useful to man. 


Because of the increasing volumes 
of crude oil reserves, the probability of 
continuous crude oil formation, better 
utilization of crude oil and its prod- 
ucts, and considering the trifling vol- 
ume of petroleum used to date, one 
can look with assurance to the future 
oil supplies for our every need for 
thousands of years. 


Gasoline distilled at atmospheric 
pressure from crude oil does not con- 
tain the hydrocarbon molecules of the 
type most useful to man. Some gaso- 
lines that nature produced have octane 
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ratings as low as 15, and are worthless 
as motor fuels in modern cars due to 
high knocking characteristics. The 
crude oils and their gasoline content 
have to be converted into more useful 
products by thermal or catalytic crack- 
ing, polymerization, alkylation, aroma- 
tization, hydrogenation, and dehydro- 
genation. 

One of the greatest forces for con- 
servation and well-being of our social 
and economic life is the cracking proc- 


Director of Research, Universal Oil Products Company 


ess developed by chemists and engineers 
of the oil industry. This process has 
more than doubled the yield of motor 
fuel from a barrel of oil, with anti- 
knock quality that gives over 40 per- 
cent more miles per gallon than Na- 
ture’s gasoline. Since 1913, when the 
first commercial cracking plant was 
used, to the present time, a saving of 
more than 13,000,000,000 bbl. of 
crude oil has been brought about. Last 
year alone, 1,400,000,000 bbl. of crude 
oil was conserved by the use of the 
cracking units in the United States, 
which cost $450,000,000. In short, the 
oil industry would have had to refine 
2,638,000,000 bbl. of crude oil to pro- 
duce the volume of gasoline necessary 
to operate the 31,000,000 cars instead 
of the 1,238,000,000 bbl. actually re- 
fined. 

The primary function of cracking 
is to produce high anti-knock gasoline. 
As a by-product of this operation, the 
oil industry has developed motor fuels 
of 100 and higher octane ratings, 
which make possible greater motor effi- 
ciencies whether in airplane or motor 
car engines. 

The automobile industry during its 
early years gave indications of exceed- 
ing the capacity of the oil industry to 
supply gasoline. This thought spurred 
technical men to invent means for in- 
creasing the yield of gasoline from 
crude oil. The cracking process not 
only provided the means for more 
than doubling the yield of gasoline, 
i.e., 21 percent to 45 percent of the 
crude oil, but in addition improved the 
anti-knock properties of the gasoline. 


In the last 20 years the number of 
motor vehicles has increased from 
about 9,000,000 to more than 31,000,- 
000, and the motor fuel consump- 
tion increased annually from 109,000,- 
000 bbl. to more than 566,000,000 
bbl. In addition, the average motor 
compression ratio increased from 4 to 
6.4. This is of tremendous significance 
from an economic standpoint in that 
motor efficiencies have increased more 
than 40 percent during this period. 

Transportation speeds in the air and 
on the road have more than doubled, 
which is primarily due to the corre- 
spondingly improved anti-knock value 
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of the gasoline and better motor de- 
sign. Pursuit planes of our Army and 
Navy powered by 100 octane fuel 
have speeds greater than 400 miles per 
hour. 


About 27 years ago the first com- 
mercial cracking units went into oper- 
ation at the Standard Oil of Indiana’s 
Whiting, Indiana, plant, using shell 
stills having a capacity of about 200 
bbl. of gas oil per day with a yield of 
about 30 percent. Today, a single top- 
ping and cracking unit with polymeri- 
zation of the cracked gases treats more 
than 30,000 bbl. a day of crude oil 
with yields of more than 70 percent 
of 70 octane gasoline from crude oils 
derived from East Texas. The cost of 
such a unit is about $2,000,000 
whereas the early shell still cost about 
$20,000. 

Modern cracking installations have 
been highly flexible since the introduc- 
tion of multiple heating coils in equi- 
flux furnaces wherein the time, tem- 
perature, and pressure conditions may 
be maintained to a nicety. Two-day 
runs were the maximum in shell-still 
operation, whereas the modern installa- 
tion—composed of heaters, reaction 
chamber, flash chamber, fractionator, 
coolers, and stabilizer—operates con- 
tinuously for months at a time, pro- 
ducing motor fuel, furnace oil, tractor 


fuel, fuel oil, and gas oil, or gasoline, 
gas, and coke. 

The early shell stills (1913) used 
cracking temperatures of about 740°F. 
and 75 Ib. per sq. in.; today tempera- 
tures ranging from 900 to more than 
1100°F. and pressures of more than 
1000 Ib. per sq. in. obtain. The yield of 
gasoline from gas oil was about 30 per- 
cent with octane rating of 60; today 
units operating on the same type of gas 
oil produce more than 70 percent of 
motor fuel having a 74 octane rating. 


The increasing number of high- 
compression motors has made straight- 
run gasoline no longer suitable as fuel. 
Cracking or reforming of the gasoline 
is necessary to produce hydrocarbons 
of structures that possess greater anti- 
knock properties. In order to convert 
the knocking gasolines into non-knock- 
ing types, it is desirable to subject the 
gasoline to temperatures and pressures 
of the order of 1025°F. and 750 |b. per 
sq. in., respectively. This is accom- 
plished by pumping straight-run gaso- 
line through a long heating coil dis- 
tributed in a furnace, until the tem- 
perature and pressure are raised, to con- 
vert the hydrocarbons into high anti- 
knock gasoline. Under these drastic 
temperatures and pressures, there is a 
molecular rearrangement and change 
in the structure of the hydrocarbons 
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from the straight-chain paraffinic type 
to branched paraffins, olefins, aromat- 
ics, and naphthenes. These hydrocar- 
bons burn without detonation in the 
high-compression motors of today. 

It was recognized that thermally 
cracked gasoline was approaching a 
limit from the anti-knock quality 
standpoint. The octane number aver- 
aged about 70 as produced from gaso- 
line, naphthas, or heavy oils. Hence, 
catalytic cracking processes have been 
developed to increase the octane rating 
and yields above those of thermal 
processes. 


An economic limit has been arrived 
at in thermal reforming of low octane 
gasolines or naphthas without produc- 
ing excessive gas volumes. Catalytic 
reforming of gasoline or naphthas is 
carried out at temperatures of approxi- 
mately 950°F. and at low pressure. 
The yields of 80-octane gasoline are 
about 80 percent depending upon the 
quality of charging stock. Some highly 
selective naphthas will produce about 
90 octane when subjected to catalytic 
influences. 


Catalytic cracked gasoline of 80 oc- 
tane has been produced from gas oil 
with yields of 85 percent on a recycling 
basis. Catalytic cracking will be an 
adjunct to thermal cracking for some 
time to come. An important part of 
the catalytic cracking process is the 
quality of the gas produced, as the 
percentage of olefins present is gen- 
erally more than double that of ther- 
mal cracked gas. 


The gases produced from the crack- 
ing process amount to more than 350,- 
000,000,000 cu. ft. per year. These 
hydrocarbon gases were formerly 
burned under stills and boilers. These 
gases contained olefins such as ethene, 
propene, butenes, and the correspond- 
ing paraffins—ethane, propane, and bu- 
tanes. Several processes were developed 
to convert cracked gases into high oc- 
tane fuel via high temperatures and 
pressures whereas the catalytic process 
using solid phosphoric acid operates at 
low temperatures and pressures. 

There are more than 80 U.O.P. cata- 
lytic polymerization units in commer- 
cial operation, design, or under course 
of construction at the present time. 
The capacities of these units, process- 
ing cracked gases, range from 125,000 
to 27,000,000 cu. ft., or on a gasoline 
(81 octane) production basis, from 18 
bbl. to more than 2500 bbl. daily. 
The combination of selective catalytic 
polymerization and hydrogenation 
units produces from 50 to 800 bbl. of 





A midget polymerization unit 
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isooctane gasoline per day. The in- 
creased yield of gasoline ranges from 
2 tc 8 percent with an octane number 
rise of one to two on the refinery gaso- 
line output when processing naphtha, 
kerosine, gas oil, or topped crudes. 

The butane-butene fractions from 
either the cracking or dehydrogenation 
process may be catalytically polymer- 
ized to yield isooctenes, and upon hy- 
drogenation, isooctanes of 95 to 100 
octane rating. The conditions for the 
manufacture of isooctane are: tem- 
peratures of 250° to 350°F. and pres- 
sure of approximately 750 lb. per sq. 
in. with solid phosphoric acid as the 
catalyst. Debutanization and rerunning 
of the polymers is carried out and 
finally catalytic hydrogenation with 
nickel yields an aviation gasoline of 
97 octane rating. The potential yearly 
production of polymer gasoline is more 
than 300,000,000 bbl. derived from 
refinery and natural gases. 

For years it was believed impossible 
to react a paraffin with an olefin hy- 
drocarbon, due to the so-called unre- 
activeness of the paraffins. A new page 
in organic chemistry has been written 
based upon the alkylation at high 
temperatures and pressures of isobutane 
with ethylene, propene, and butenes 
by a number of methods such as those 
employing aluminum chloride, boron 
fluoride, and sulphuric acid. 

Higher molecular weight isoparaffins 
are formed directly by adding butene 
to isobutane in the presence of sul- 
phuric acid at temperatures ranging be- 





Polymerization plant furnace, left cen- 
ter; catalyst towers at right; equip- 
ment for hydrogen sulphide 

removal at left 
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tween 0° and 30°C. using 90 to 100 
percent sulphuric acid. Due to the 
cheapness, availability, and adaptabil- 
ity of sulphuric acid, this process is 
practical for use in most refineries. 
Aviation fuels of 92 to 94 octane 
rating have been manufactured by al- 
kylation, and the potential yields of 
isooctane by this process are greater 
than by the selective olefin polymeri- 
zation followed by hydrogenation. 
The thermal alkylation process oper- 
ates best when using charging stocks 
made up of isobutane and ethene, pro- 
ducing therefrom 2, 2-dimethylbutane 
or neohexane, whereas the sulphuric 
acid method functions best on isobu- 
tane and butenes, forming isooctanes. 
When all the alkylation units under de- 
sign and construction, as well as those 
in operation, are functioning, about 4,- 
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000,000 bbl. of high anti-knock avia- 
tion gasoline will be produced an- 
nually. These two processes have gone 
into commercial use in the last year 
and are an exceedingly important con- 
tribution to high octane aviation gaso- 
line, producing motor fuels of about 
95 octane rating. 


Isomerization of the straight chained 
hydrocarbens to the branched struc- 
ture is of the greatest practical im- 
portance in the motor fuel industry at 
the present time. A key hydrocarbon 
in the alkylation process is isobutane. 
The percentage of isobutane present in 
natural gas and cracked gases of the 
normal and iso types, ranges from 20 
to 50 percent. The percentage of iso- 
butane usually runs 25 percent and 
normal 75 percent. Hence, it is highly 
desirable to isomerize the normal bu- 
tane into iso and a U.O.P. catalytic 
isomerization process has been worked 
out commercially and a unit is being 
installed for this purpose in order to 
produce sufficient isobutane in the re- 
finery to alkylate the volumes of buty- 
lenes that are available. On a recycling 
basis, about 90 percent of the normal 
butane is converted into isobutane plus 
about 5 percent of isopentane. 

Branch-chained paraffins for avia- 
tion and motor fuel are highly desira- 
ble hydrocarbons as they have superior 
octane rating to the normal. Another 
important factor in the branch paraf- 
fins is the fact that they have high 
lead susceptibility whereas the olefin 





or aromatic hydrocarbons do not have 
this property. An illustration of the 
value of isomeric compounds is readily 
shown in the case of the octanes and 
the effect of chain branching on oc- 
tane rating. Normal octane has an 
octane rating of minus 28. The 
branching of one methyl or the for- 
mation of the 3-methylheptane raises 
the octane rating 62.5 numbers to 
34.5. Two methyls, or 2, 3-dimethyl- 
hexane raises the octane rating to 75.5 
and three branched methyls or 2,2,4- 
trimethylpentane raises the octane rat- 
ing to 100. Not all the branchings 
have as marked an effect as is shown 
here, but with this remarkably high 
increase taking place, a commercially 
applicable method of isomerization will 
no doubt take place in the near future. 

Military airplanes in 1928 used gaso- 
line of about 60 octane rating; three 
years later the standard Army aviation 
gasoline was 87 octane. Airplane en- 
gines, developed to utilize this fuel 
fully, gave a 33 percent increase in 
power per unit weight compared to 60 
octane gasoline. Engines designed for 
using 100-octane gasoline produced 30 
percent greater power output com- 
pared to 87 octane, take-off distances 
were reduced 20 percent, and climbing 
speed increased 40 percent. For trans- 
port planes, the advantage of 100- over 
87-octane gasoline in a 1400-mile 
flight would be the dispensing of 
“1,200 Ibs. of gasoline and carrying 
instead 7 more passengers, or their 
equivalent weight in mail or freight.” 

Leadership in aviation gasoline, with 
higher speeds and greater comfort in 
air travel, rests in the United States. 
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Aviation gasoline of 100 and higher 
octane can be produced in the United 
States in quantities to supply the air- 
plane needs of the world, for civil and 
military use. A most significant factor 
in the development of 100-octane gaso- 
line is that the overall efficiency of 
the airplane gasoline engine is about 
the same as that of the best Diesel air- 
plane engine performance and in addi- 
tion surpasses the Diesel in greater 
take-off and emergency power, and 
flexibility in maneuvering the plane. 

Although 100-octane gasolines and 
higher are now used only in airplanes, 
it will not be many years before the 
oil industry’s researches will produce 
them at a price level for use in pas- 
senger, truck, and bus vehicles, and 
they will be sharply competitive with 
the best high-speed Diesel engine per- 
formance. 


Dr. Graham Edgar stated: ‘The 
General Motors Corporation carried 
out an elaborate reasearch project in 
which an automobile equipped with a 
valve-in-head engine was operated at 
a number of compression ratios and a 
number of gear ratios, using fuels 
which in each case were just capable of 
avoiding knock. Approximately 69- 
octane fuel was required for the stand- 
ard 5.25 compression ratio, about 95- 
octane for 8.0 compression ratio, and 
something better than 100-octane for 
10.3 compression ratio. 


“The results were most striking, 
showing, for example, that at 40 miles 
per hour the miles per gallon improved 
from 12.5 to 5.25 compression ratio to 
18 at 8.0 and 21 at 10.3. The average 
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increase in economy, between ten and 
sixty miles per hour, is about 45 per- 
cent in going from 5.25 to 8.0 com- 
pression ratio under these conditions 
of constant performance. 

“It is interesting to note that if we 
take the average retail price of gaso- 
line as 19 cents per gallon, the driver 
of the 8.0 compression car could have 
paid 27.5 cents per gallon at no in- 
crease in cents per mile, which would 
give the refiner a margin of 8.5 cents 
per gallon above his regular costs of 
5 cents per gallon with which to at- 
tempt to produce the 95-octane gaso- 
line required by the high compression 
car. Certainly, such an achievement 
would appear to be well within the 
eventual possibilities of the refinery 
technologist.” 

The volumes of 100-octane gasoline 
potentially available yearly in the 
United States are greater than the vol- 
ume of all gasolines now being pro- 
duced. One prolific source that has 
been tapped recently is natural and 
refinery gases. From these gases alone, 
8,345,000,000 gal. of 81-octane, or 
3,275,000,000 gal. of 92-octane, un- 
leaded, gasolines are available. About 
6,000,000,000 gal. of 100-octane avia- 
tion gasoline is available yearly when 
the 92-octane fuel is blended with iso- 
pentane and neohexane and light ends 
from some crudes plus tetraethyl lead. 
This volume of aviation gasoline does 
not take into consideration the vast 
volumes of aviation stock that are po- 
tentially available from catalytic re- 
forming and cracking. 

The development of catalytic de- 
hydrogenation of gaseous paraffins to 
olefins and hydrogen has made possible 
their utilization for polymerization to 
gasoline and chemical derivatives. 
Thermal cracking of paraffin gases is 
a competing source of olefins; how- 
ever, catalytic dehydrogenation gives 
a better yield of the desired products 
than the thermal method. Catalytic 
dehydrogenation of ethane, propane, 
and butanes is highly selective in that 
side reactions are suppressed. Catalysts 
for dehydrogenation reactions are ox- 
ides of the metals of the fourth, fifth, 
and sixth groups of the periodic sys- 
tem, the most important one being a 
combination of chromium oxide and 
alumina. This catalyst is highly selec- 
tive and converts the paraffin to the 
corresponding olefin in about 85 to 95 
percent of theoretical. 

Butane may also be converted into 


THE PETROLEUM ENGINEER, Midyear, 1940 





Name vou Compressor Job 





GM*és will Handle it! 





Recycling, pressure-maintenance, gas transmission, gas and Texas . . . 15,000 compact compressor horsepower 
boosting, refrigeration . . . in plant after plant, Type serving owners on smaller foundations, in less housing 
G-MV Angle compressor units have proven their space, and with more power per dollar spent than 
abilities and cost-saving qualities. ever before possible! 

Pictured here are four of the many installations of Get the facts about G-MV compressors before you buy 
modern Type G-MV's... these in Canada, Arkansas, ... write for the bulletin. 








Four Type G-MV 6-cylinder units serve Mississippi 
Royalite Oil Company, in Canada, use three 


River Fuel Company at their Sherrill, Ark., station 


Me ol'riiliate Me lot Micolum Keltitile liom com ult tel lam 600-hp Type G-MY to boost natural gas pres- 


sures in their mains. 











Six of the twelve Type G-MV. compressors serving the 600-hp Type G-MV's direct connected to ammonia 
compressors and driving gas compressor cylinders 
in the Cayuga No. 2 plant of Tide Water-Seaboard 
pressure-maintenance project in Texas. & Associates. 


‘HE COOPER-BESSEMER CORPORATION 


Mount Vernon, Ohio — PLANTS — Grove City, Pennsylvania 


West 43rd St., New . ork City 201 East Ist St., Tulsa, Okla. Box 1586, Pampa, Texas WXeloLalolilo Ml =licle pam Ole li lok MES dof: 
estment Bldo., Washington, D.C 631 Spring St:, Shreveport, La slo} aS) Sa @1a-lolol iol MES fol 529 M&M Building, Houston, Texas 
oy 10 od RSS) AE Molt -Valol-11-1-9m @lel IT 1501 Arcade Building, St. Louis, Missouri 


Harrison and Abercrombie companies on their huge 








butadiene by a two-stage catalytic de- 
hydrogenation process. This compound 
is extremely important for use in syn- 
thetic rubber production. Butadiene is 
available potentially in the U. S. at 
the rate of more than 160,000,000,000 
lb. yearly. 

There is a very beautiful reaction 
called cyclization of paraffin hydro- 
carbons; i.e., catalytically converting 
normal hexane, heptane, and octane 
into benzene, toluene, and xylenes, re- 
spectively, with hydrogen as a byprod- 
uct, and obtaining almost theoretical 
yields. 

The lower-boiling hydrocarbons in 
petroleum, particularly those from the 
Pennsylvania, Mid-Continent, Michi- 
gan, East Texas, and Kettleman Hills, 
California, fields, and gasoline from 
natural gas,are predominantly straight- 
chain paraffins. By catalytic cycliza- 
tion at 932°F. and atmospheric pres- 
sure, these hydrocarbons may be con- 
verted into the corresponding aromat- 
ics that have been obtained hereto- 
fore chiefly from coal carbonization. 

As of today, the aromatic hydrocar- 
bons are not so good for airplane use, 
although some tests indicate that they 
will become useful. They are excellent 
blending hydrocarbons for increasing 
the octane rating of gasolines. 

Benzene, toluene, and xylenes are 
most important for motor fuel use and 
as basic material for high explosives 
such as picric acid, T.N.T., and trini- 
troxylenes. The oil industry can pro- 
duce any conceivable amount of these 
hydrocarbons from catalytic cycliza- 











Pilot plant of semi-commercial size 
used in studying dehydrogenation 
processes 


tion or aromatization of gasoline, the 
cracking process, and dehydrogenation 
of ethane. In 1940, about 26,000,000,- 
000 gal. of gasoline will be produced 
in the United States. If the demand 
were present, our gasoline output could 
be increased to more than 40,000- 


000,000 gal. in a short time. Based on 
this year’s gasoline production alone, 
and using but 20 percent of the gaso- 
line, the United States could manu- 
facture (allowing some time to pre- 
pare for full production) about 33,- 
000,000,000 Ib. of picric acid, about 
27,000,000,000 Ib. of T.N.T., and 
25,000,000,000 Ib. of trinitroxylene, 
The 85,000,000,000 Ib. of high explo- 
sives that are potentially available an- 
nually from gasoline are all present 
within the shores of this country and 
will be for many years to come. 

In the world war now going on, 
difficulty will be experienced in obtain- 
ing natural rubber for our own needs, 
It is reported that the United States 
has but a three months’ supply of nat- 
ural rubber. Some suggestion has been 
made to plant rubber trees in a South 
American country such as Brazil. It 
would require at least ten years to 
obtain rubber in this way. Benzene 
and ethylene through alkylation and 
dehydrogenation yield styrene, a start- 
ing hydrocarbon for synthetic rubber 
manufacture. Butadiene is another hy- 
drocarbon that can be readily produced 
and converted into synthetic rubber or 
may be copolymerized with styrene. 
This latter type of synthetic rubber 
has about 30 percent greater wear 
quality and strength in tires than nat- 
ural rubber. The United States has po- 
tentially available enormous quantities 
of these hydrocarbons and other sub- 
stances that can be converted into 
synthetic rubbers. In 1939 about 1,- 
100,000,000 Ib. of natural rubber were 
used in this country. More than 200,- 
000,000,000 lb. of synthetic rubber 
could be produced from ethylene from 
the cracking process, benzene from 
cyclization, and butadiene from the 
dehydrogenation of butane. A unit to 
produce 10,000 Ib. a day of synthetic 
rubber from butadiene derived from 
petroleum is being installed. 

The U. S. A. is more than self- 
sustaining in motor fuels and aviation 
gasoline of 100 octane and above. The 
U.S. A. can produce billions of pounds 
of explosives for any necessity that 
may arise and still have more than 
sufficient gasoline for any form of 
transportation on land, air, or sea. The 
U. S. A. can also be more than self- 
sustaining in synthetic rubber from its 
own vast hydrocarbon resources. 





Alkylation plant employing 
sulphuric acid as a catalyst 
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DON'T LOOK NOW THIS PICTURE IS QUIT JIGGLING THAT IN CASE ANYONE ASKS YOU, Rly WAIT'LL YOU SEE 
PETE, BUT | THINK GOING IN A LARKIN SHOE, PETE. GIVE MISTER, TELL "EM | SAID: THE NEW LARKIN 
THE MAN’S GONNA’ FLOAT SHOE AD... THE PEOPLE A “LARKIN PRODUCTS ARE NEOSEAL PACKER 
TAKE YOUR PICTURE. iy IF YOUR MUG DON'T CHANCE TO SEE THE KIND THERE OUGHT TO WE'VE GOT. BOY! 

WHAT'S IT FOR? WRECK THE CAMERA. 4] WHAT A GOOD FLOAT BE MORE OF.” IT’S A HONEY. 

fm SHOE LOOKS LIKE. 





THE LARKIN NEOSEAL PACKER 
HOOK WALL PUMPING STYLE 


Here’s a packer that’s easy to make up on the string, easy to set, 
easy to pull, easy to take apart and service. It’s a lulu for packing 


off water from leaky casing above. Wells with considerable fluid 
L A ed K j Ni but little gas pressure, can often be made to flow by packing off the 
gas pressure below with this money-saving tool. 


It has molded Neoprene packing — won't vulcanize or stick to 
FIG. 428 FLOAT SHOE casing. Quick-acting ie i, and friction springs controlled by 
an easy-locking key-way facilitate running in, speeds up setting, 
Foolproof, absolutely impossible to makes pulling and resetting easy without removing packer from the 
plug. Large opening through valve hole. The packer pipe is smooth seamless steel of same inside dia- 
and guide, prevents clogging. Re- meter, but stronger than tubing on which packer is run. Control 
quires less pressure to force down head top for gas or fluid escape is available. See this new packer at 
cement than any other shoe. Easy- your Local Larkin Warehouse or supply store. 
to-drill red concrete and bakelite 
ball valve assembly. Available in all. 
sizes up to and including 10%" O.D. 


Made also with gas 
escape top for bleeding off 
pressure disrupting pump 
valve action. 


LARKIN PACKER COMPANY, INC. ¢ ST. LOUIS, MO. 


WAREHOUSE POINTS: Tulsa, Okla.; Great Bend, Kans.; Salem, Ill.; Houston, Odessa and Corpus Christi, Texas EXPORT OFFICE: New York City 














By 
ARCH L. FOSTER 


P 729. 


Progress in Refining of Crude 
Petroleum 


The Lubri-Zol Corporation, Cleveland, Ohio 


RENDS in refining processing 

during the last year have shown 
remarkable strides in the direction in 
which the refiner has been going for 
several years—specialization in person- 
nel, in process, and in product. De- 
mands for more highly specialized 
products, better fitted for the pur- 
pose to which they are applied, have 
been increasing at a particularly rapid 
rate in recent years. This is true in 
motor, Diesel, and aviation fuels, with 
accent on aviation quite pronounced; 
in lubricants for the engines employed 
in this equipment, and in new and 
synthetic products—chemicals that are 
all being made from petroleum in rap- 
idly increasing quantities for a mul- 
titude of applications. 


In motor fuels the climb of octane 
ratings pitched sharply upward during 
the last twelvemonth. This has been 
due both to advances by engine de- 
signers that utilize to better advantage 
the improvements in anti-knock qual- 
ity of the better fuels, and to the ad- 
verse market conditions that put a 
premium on a company’s ability to 
supply fuels of improved qualities to 
a preponderantly buyers’ market. This 
trend and the advances in cracking 
that have gone hand-in-hand with it 
are discussed in an accompanying ar- 
ticle, and will not be considered here. 


Trend Toward Technical Personnel 


For years the trend toward employ- 
ment of highly trained technical grad- 
uates has been more and more pro- 
nounced. Increased demand for spe- 
cialized product output and the in- 
creasing necessity for closer and more 
exacting operation control is bringing 
technical men not only into the re- 
search and development departments 
of refineries but into the operating and 
maintenance divisions as well. Chem- 
ical engineering graduates now spend 
considerable time in operating stills or 
treating units, in “trouble-shooting” 
on processes, and even in shift-work in 
the plant, before they progress to re- 
search, development, pilot plant oper- 
ation, design, etc. A recent estimate 
(Chem. and Met., June, 1940, p. 416) 
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ARCH L. FOSTER 


after receiving bachelor’s and mas- 
ter’s degrees in organic chemistry 
from the University of Texas, in 1922 
became affiliated with the research 
and development division of the Gulf 
Refining Company, where he re- 
mained until 1925—From 1925 until 
1929 he was with the Petroleum Di- 
vision, U. S. Bureau of Mines, at San 
Francisco, California, in charge of 
the chemical research laboratory— 
During that period, 1927-29, he was 
assistant to the chief engineer, Pe- 
troleum Division, Washington, D.C.— 
From 1929-39 was technical editor of 
The National Petroleum News, 
Cleveland, Ohio—In 1939 joined the 
staff of The Lubri-Zol Corporation as 
sales engineer, having as his field 
of activity lubricants and lubricant- 
treating methods. 























shows that, although 20 years ago only 
a handful of technical graduates were 
found in refineries, and they mostly 
chemists in research work on “radical” 
departures from established rule-of- 
thumb processes, the industry now em- 
ploys approximately 2500 technical 
college graduates, chemists, and chem- 
ical engineers, a figure that does not 
include engineers in other branches, 


civil, mechanical, electrical, power, 
etc. : 

As refiners probably employ as many 
engineers from these latter branches 
as they do from the ranks of chemists 
and chemical engineers, the refining 
industry is considered the No. 1 field 
for engineers in general, especially for 
chemical engineers. This last probably 
is due to the fact that refining proc- 
esses are highly specialized, and the 
raw materials complex and widely 
varying. Thus both in research-devel- 
opment of new processes, correction 
and improvement of old methods, and 
in the operation and control of large- 
scale plant units, training, experience, 
and knowledge of the fundamentals of 
chemistry and engineering are becom- 
ing of greater and greater importance 
in the manufacture of improved prod- 
ucts. 


Another field in which the trend is 
unmistakable is the wider use of pilot 
plants, semi-plant scale units, in the 
development of processes destined for 
the refinery. Pilot plants have been 
used by forward-looking organizations 
for years, usually by the larger com- 
panies maintaining large laboratory 
staffs. Nowadays pilot plants are found 
in many of the smaller refineries, oper- 
ated for all sorts of purposes but par- 
ticularly for trouble-shooting types of 
process study, or as controls on plant 
operations. Many of the engineering, 
development, and construction com- 
panies, not refiners themselves but de- 
signers of processes and equipment for 
refining, are using large staffs and nu- 
merous pilot units in developing meth- 
ods that tomorrow will doubtless be 
seen in different refineries on a com- 
mercial scale. Process development has 
already become a large part of the 
work of chemists and chemical engi- 
neers in all industrial fields, especially 
in refining, and the value of this re- 
search is attested by the large sums 
spent annually to maintain and oper- 
ate these development organizations, 
which have drawn to them much of 
the best technical talent of the coun- 
try. The pilot plant bridges the gap 
between test-tube-scale laboratory op- 
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INTERNATIONAL 
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rful International 6-wheel Trucks bear the brunt of the heavy hauling in the oil fields of the world. 
In every division of the industry, Internationals are the favorite, whether it’s for light-delivery 
: work or the toughest hauling. 















ERNATIONAL HARVESTER is unique in serving the oil industry. 

provides a complete line of MOTOR TRUCKS, CRAWLER and WHEEL 
actors for Diesel and gasoline operation, and POWER UNITS 
i aging up to 110 max. h.p. for Diesel, gas, or gasoline operation. 


: Here, under one banner, you can find the best answer to your 
auling and power needs. Many users find it profitable to stand- 
rdize on International, enjoying all the benefits only Harvester 


an provide. 


ae aie see 


This organization works closely with the oil industry... to 
ive it the best transportation and power possible. That’s why 
jou'll find the soundest engineering in every International prod- 
ct. Included in the line for 1940 are 4 New Diesel TracTracTors 
nd 4 New Diesel Power Units—indicative of constant product 
evelopment. 





Here’s the big 
6-cylinder Interna- 
tional UD-18 Diesel 
Power Unit—100 h.p. at 
1,400 r.p.m. Other now Diesels 
are the small UD-6, and the 
UD-3 and UD-14. 
















Below: This is the big International TD-18 Diesel TracTracTor, representative 
of this new line of International Diesel Power. International has a size for 
every crawler-power need. 


_ The nearby International Dealer or Company Branch will give 
ou complete information on the extensive International line. Or 
rite us for catalogs. 








INTERNATIONAL HARVESTER COMPANY 


(INCORPORATED) 


180 North Michigan Avenue Chicago, Illinois 


NTERNATIONAL 
HARVESTER 
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Phenol extraction unit, which began operation recently on Pennsylvania 
lubricating oil fractions, to make super-lubricants 
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erations, carried out on a few cubic 
centimeters of material and usually or 
frequently in glass, and the thousands 
of barrels per day operations of the 
commercial plant that must be as free 
of process “‘bugs” as possible and must 
“pay off” if it is retained as a going 
process in the refinery. 

It is needless to dwell on the fact 
that haphazard methods, which largely 
governed refinery operations at one 
time, have been almost entirely re- 
placed by scientifically developed and 
controlled methods based on~funda- 
mental engineering and chemical prin- 
ciples formulated as a result of years 
of the most intensive research in pure 
and applied science. The first victim 
of the serious application of scientific 
methods to refining was the shell still, 
which is eliminated from the modern 
refinery except for such purposes as 
rerunning distillates or removing light 
diluents from fractions after proc- 
essing. 


Product Requirements Control 
Refinery Processing 


Particularly outstanding last year 
was the trend toward control of plant 
processing in the light of product re- 
quirements. Not forgetting the al- 
ways-present urge of competition that 
forces new developments in product 
quality oftentimes before the con- 
sumer actually demands those en- 
hanced qualities, it may be said that 
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the quality in the finished product re- 
quired by the consumer’s equipment is 
in full control of refining technical 
operations and also directs research and 
development. This trend has not come 
overnight nor did the change-over 
come entirely during this year, by any 
means. Like all important social, polit- 
ical, and industrial progress, the trend 
has been gradual but probably more 
rapid in the refining business than in 
any other modern industry. Certainly 
the dye, explosive, and general chem- 
ical industries have employed the most 
advanced research and manufacturing 
methods for a much longer period than 
has petroleum. This is doubtless be- 
cause demands for quality petroleum 
products, during the earlier years, were 
low and equipment built to use these 
products was designed to utilize the 
qualities obtained by the rule-of- 
thumb methods by which the raw 
material was then being processed. 

At present, more than ever, the re- 
finer determines the properties that are 
needed in a product, the qualities de- 
manded by competition and by the 
consumer’s requirements, and works 
from these specifications to produce 
the product required. This is one of 
the most outstanding advances in re- 
finery methods and policy, and to it 
is due much of the credit for the tre- 
mendous spurt in product development 
especially during the last decade. 
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Process Progress 


Probably the greatest single field of 
development has been in the applica- 
tion of catalysts to refining processes. 
Already known to every refiner are the 
catalytic polymerization processes for 
the recovery and utilization of natural 
and still gases otherwise lost or of 
lesser industrial value. Whereas during 
the first years of its use catalysis was 
considered economically practicable 
only for large-scale units, the more re- 
cent application of these processes to 
small plant operations, making the ad- 
vantages available to the small inde- 
pendent refiner, has done much to ex- 
tend the life of the small refinery dur- 
ing a period when adverse market con- 
ditions combined with and abetted by 
overproduction from refineries made 
the lot of the small refinery precarious. 


Alkylation 


More recently a whole “flock” of 
new processes has followed in the wake 
of polymerization. The urge of the 
researcher to look “over the hill” and 
the insistent demands for better prod- 
ucts at lower costs have led to the 
development of commercially practi- 
cable processes for alkylation of gases 
and light hydrocarbons. This process 
combines an unsaturated molecule 
(olefin) with a saturated (paraffin) 
molecule, such as propylene or butene 
with butane or isobutane to form iso- 
paraffins in the motor and aviation fuel 
boiling ranges. These products possess 
greatly improved anti-knock proper- 
ties as compared with either the origi- 
nal components or the less complex 
hydrocarbon molecules from which 
they are produced by cracking or 
otherwise. Sulphuric acid is the cata- 
lyst most widely used in this process, 
although other catalysts may be em- 
ployed successfully (at least techni- 
cally speaking), and may be brought 
into commercial use in the near future. 

In combination with both polymeri- 
zation and alkylation, methods for 
catalytic dehydrogenation of saturated 
hydrocarbons to prepare the olefin in- 
termediate are now applied on a large 
scale. Catalysts such as treated alu- 
mina, metallic oxides such as nickel, 
chromium, iron, vanadium, and other 
types are used. With selected stocks 
of low molecular weight paraffins or 
isoparaffins, conversion to the corre- 
sponding olefins may be made at tem- 
peratures to 1000°F. or somewhat 
lower, and at pressures ranging from 
nominal to several hundred pounds, al- 
though most operations are at tempera- 
tures only slightly above atmospheric 
and at low pressures. Thermal alkyla- 
tion is also practiced on a commercial 
scale, the best example at present being 
the thermal dehydrogenation of ethane 
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HE’LL TELL YOU WHY THEY CALL “STARCOR’ 






AND ‘INCOR’ THE OIL MAN’S CEMENTS 


FIELD: Bruni 

TPE OF JOB: Squeeze; well plugged back from approx. 
10,000 ft. to 4,296 ft.; 6 perforations 
at 4,200 to 4,296 ft. 

remperature: Approx. 150° F, 

CEMENT USED; 'Starcor! - 250 sacks 

srry weight: 142% 1b. per gal. 

PUMPING-DOWN TIME: 27 min. 

MAX. PUMP. PRESSURE: 120 bbl. water sent ahead of 
cement. Pressure rose to 1100 lb. 
when cement came to rest. 


remarks: No cement retainer used; job was done 
simply by closing rams. Typical of many suc-— 
cessful squeeze and workover jobs, where 


'Starcor' has helped convert loss into profit 





M-1891 YY 


FIELD: Hull Silk Pool, south of Holliday, Tex. 
Tee oF ows: Casing; 4,292 ft. of 54" OD pipe in 





9" hole 
TeMPeRATURE: Moderate; no reading - 
cement usep: 'Incor' — 250 sacks 


SLURRY WEIGHT: 16 1b. per gal. 
PUMPING-DOWN TIME: 11 min. 


RG 
MAX. pump. pressure: ‘700 1b. to land plug on 
: float collar 


MIXING TIME: 1/, min.; 32 ft. cement was 
left in pipe 


REMARKS: '‘Incor! pumped easily in a 
Slurr roducing a strong, dense _ 
pervious shut-off. Early drill-out..: — 


well on production quicker 






_ Mi-2097 = 
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(._. performance at the drill- 
ing rig, month in and month out, under 
all kinds of conditions—that’s the reason why 
‘Starcor’ and ‘Incor’ have earned the right to 
be called the Oil Man’s Cements. 


Inbuilt performance, based upon daily con- 
tact with cementing problems in the field, par- 
alleled by continuing research in Lone Star’s 
Oil-Well Cement Laboratory. Cements kept 
abreast of progress in drilling methods—made 
to measure for oil-industry requirements. 

Use ‘Starcor’* for deep wells, greater length 
and ease of pumpability at high temperatures, 
extra sulphate resistance. Use ‘Incor’* for wells 
of moderate depth, earlier drill-out, wells on 
production quicker. *Reg. U. S. Pat. Off. 


LONE STAR CEMENT 
CORPORATION 


DALLAS: Santa Fe Building . . . HOUSTON: Shell Building 





A Perco catalytic desulphurization unit. This plant is near Charleston, West 
Virginia. Its daily capacity is 1000 bbl. 





to ethylene at high temperature and 
low pressure, and its addition to bu- 
tane to form neohexane, a valuable in- 
gredient of aviation fuel of the 100- 
octane number variety. Alkylation ca- 
pacity now operating or building is ex- 
pected to produce more than 400,000,- 
000 bbl. of premium quality aviation 
fuel per year, a capacity and a product 
of overwhelming importance in the 
present state of international turmoil 
and warfare. As application of these 
processes expands, it is expected that 
any surplus production of high octane 
number gasoline will be used to im- 
prove motor gasoline quality. In fact, 
at least one refiner is reported to be 
blending excess alkylation product into 
motor fuel to reduce lead costs, in- 
crease motor fuel output, and raise 
octane number. 

Companion developments to alky- 
lation are the less well developed iso- 
merization, aromatization, and cycli- 
zation processes. Isomerization is a 
process of molecular rearrangement 
whereby straight-chain paraffins, no- 
toriously low in octane rating, are “re- 
built” to form isoparafins of much 
higher anti-knock values. In this 
manner normal butane, CH,-CH,- 
CH..CH,, is converted to i-butane, 
CH,-CH-CH,, which may be used “‘as 


CH, 
is” to impart both improved volatility 
and higher anti-knock qualities to 
motor fuel, or may be used in other 
synthetic processes such as alkylation 
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in which the isoparaffin is combined 
with an olefin as described above. One 
large unit is already reported to be 
operating on this process (loc. cit.), 
with others to follow, their construc- 
tion being hastened doubtless both by 
the recent upward surge of motor gas- 
oline octane ratings and by military 
demands for aviation super fuels. The- 
oretically any paraffin may be con- 
verted to the corresponding isoparaffin 
by this method. Paraffins are also con- 
verted to isoparaffins containing one 
less carbon atom per molecule, adding 
greater flexibility to the process. Obvi- 
ously also, this process is of great ad- 
vantage when applied to the prepara- 
tion of intermediate products for use 
in the numerous synthetic processes 
now developing rapidly that utilize 
petroleum and natural gas as raw 
materials. 
Cyclization and aromatization may 
be used in conjunction to manufac- 
ture aromatic, ring compounds of the 
unsaturated, benzene type, or may be 
used separately, depending on the in- 
termediates available and the products 
wanted. Isopentane or isohexane, for 
example, may be cyclicized, and the 
latter may be “aromatized” by dehy- 
drogenation methods to form benzene, 
C,H,. Normal heptane may be changed 
to methylcyclohexane and dehydroge- 
nated to form toluene, reported to be 
accomplishable in high yields. Normal 
octane may be similarly converted to 
ethyl-benzene. These products have 


been made also by thermal methods 
such as the one developed by Wagner 
and his co-workers, polymerizing ole- 
fins at high temperatures of 1000- 
1100°F., and pressures of 200 lb. 
and lower, to form benzene and 4 
large number of its homologues, naph- 
thalene, etc. Costs have been too high 
to enable this process to compete with 
aromatics from coal-tar sources, but 
are available for the production of a 
large number of intermediates valu- 
able in the preparation of chemicals 
from petroleum, a field that is grow- 
ing with amazing rapidity. 


Treating Light Distillates 
In the field of light distillate treat- 


ing, catalysis has also shown some use- 
ful results. For example, the process 
using treated bauxite as a catalyst has 
been applied in one or more commer- 
cial installations. The catalyst is sup- 
ported in granular or other suitable 
form in a vertical tower, the charge is 
vaporized and passes through in con- 
tact with the catalyst. By this method 
mercaptans, alkyl and aromatic sul- 
phides and disulphides are removed 
practically quantitatively, it is 
claimed. Thiophenes are not removed 
to any extensive degree by this method. 
Advantages of the method are the 
slight increase of octane number of the 
distillate itself, (one to three octane 
numbers), and the considerable im- 
provement in lead susceptibility of the 
desulphurized product. Operating con- 
ditions are normally temperatures of 
700-750°F., and pressures of 20 to 40 
Ib. Losses are low, being limited to 
the loss of sulphur-bearing material 
and mechanical losses, both of which 
are quite low, it is reported. The 
bauxite catalyst is rugged and may be 
regenerated an indefinite number of 
times at 1000°F. or thereabouts, its 
ruggedness making close control of re- 
generation temperatures unnecessary. 
Typical plant and pilot unit results 
show that a Turner Valley (Canada) 
straight-run naphtha containing 0.117 
percent sulphur is reduced to 0.005 
percent sulphur, employing a caustic 
wash to remove the last traces of hy- 
drogen sulphide formed during the de- 
sulphurizing reaction. Octane rating 
of the product was raised two num- 
bers, and its lead susceptibility was in- 
creased so that 2 cu. cm. raised its 
rating from 60.6 to 78 or 17.4 octane 
numbers; the same amount of lead 
raised the original octane rating from 
58.7 to 70.7, or 12 units. Sulphur is 
removed from cracked or polymer gas- 
oline to a lesser degree than from 
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straight-run, but 30 to 60 percent of 
cracked gasoline sulphur is removable 
with important advantages in octane 
rating and lead response, data show. 

Other methods for desulphurizing 
distillates that have assumed an im- 
portant place in the refining picture 
are the copper sulphate method, caus- 
tic washing to remove hydrogen sul- 
phide, etc., used in conjunction with 
or in the absence of doctor treating, 
and the use of molecular oxygen to 
oxidize sulphur compounds and thus 
remove the sulphur from the distillate. 
All these methods have developed as a 
result of the refiner’s efforts to reduce 
treating costs and losses while improv- 
ing octane number and lowering lead 
requirements. 


Strides in Lubricant Manufacture 


Improvements in processing of lu- 
bricating oils have followed two lines: 


1. Chemical or physical methods of 
treating fractions 


2. Addition of special products to 
improve natural properties. 


Physical and chemical methods have 
been confined almost entirely to sol- 
vent extraction for removal of naph- 
thenic, aromatic, and similar undesira- 
ble fractions and for separation of 
parafin wax. Refinements of these 
methods have been effected by re- 
search and by plant operation, and 
considerable progress has been made in 
determination of the relative advan- 
tages of various solvents as applied to 
different crude oil fractions, and of the 
effect of different solvents on the vari- 
ous properties of raw material from 
different crudes. High selectivity in 
the removal of small percentages from 
expensive fractions such as those from 
Pennsylvania crudes is required, to give 
minimum losses with maximum im- 
provement. High solvent capacity, 
with less emphasis on selectivity is the 
keynote for solvents used to treat 
cheaper crudes, where losses of de- 
sirable material along with the unde- 
sirable fractions is not of paramount 
importance, but where large through- 
puts and large extraction losses are to 
be obtained. 

Recently a new phenol extraction 
unit began operation on Pennsylvania 
stocks for the production of lubricants 
better fitted to meet present demands 
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in heavy-duty equipment such as gaso- 
line- and Diesel-engine-powered truck, 
bus, and tractor applications as well as 
in the higher-speed, higher-tempera- 
ture passenger car engine. 

In June of this year two furfural 
extraction units also began operations 
using Pennsylvania stocks, and all these 
units, old and new, are looking par- 
ticularly toward improvement of serv- 
ice stability of the oil. Greater lubri- 
city or lubricating power to improve 
engine operation is also desired, but 
stability under engine conditions has 
become paramount in the lubricating 
engineer’s mind. 

Filtration technology has been pro- 
gressing rapidly with the introduction 
of new filter media and improvement 
of older products and methods. Ful- 
ler’s earth in cylindrical form has gen- 
erally replaced the older granular type 
earth. Natural and synthetic materials 
such as bauxite are coming into wider 
use and their efficiency for certain pur- 
poses has been demonstrated, especially 
in the effect on oil stability. 


Use of Addition Agents Increasing 


Addition of special, non-petroleum, 
chemical materials to lubricating oils, 


especially those used in special or ultra- 
severe service, has been practiced for 
several years with good results in many 
cases. It is only recently that the at- 
tention of the automotive and refining 
industries has been devoted to the 
study and use of addition agents on a 
large scale and their use is growing 
rapidly. This condition is brought 
about by the increasing severity of op- 
erating conditions in automotive en- 
gines of all types, more especially in 
Diesel and heavy-duty gasoline en- 
gines, where temperatures, pressures, 
loads, and operating periods are in- 
creasingly severe and where in many 
cases the limits of the required prop- 
erties of straight mineral lubricants 
have been exceeded or are closely ap- 
proached. 


Addition agents are chiefly of two 
types, the soap type and the non-soap, 
chemical type. Additives are employed 
for two general purposes; inhibitors in- 
crease the oxidation stability of the 
oil, preventing or retarding the forma- 
tion of sludge and acidic decomposi- 
tion products, deposits of which cause 








ring-sticking, overheating, etc. Deter- 
gents or addition agents having solvent 
or detergent effects on oil oxidation 
products are employed to maintain 
“clean” engines by holding these prod- 
ucts in solution or suspension when 
they form, after which they may be 
removed when the oil is drained from 
the engine. 


Soap and ester type agents include 
organic esters and metallic salts of 
organic acids or substituted acids, such 
as alkyl esters of halogenated stearic, 
palmitic, and oleic acids, or sodium, 
calcium, and similar salts of these 
acids, with or without substitution of 
organic or inorganic groups in the acid 
radical. Organic salts of inorganic 
acids are also used. Inhibitors include 
many nitrogen, sulphur, halogen, and 
other organic derivatives of both or- 
ganic and inorganic elements and com- 
pounds, and many of these products 
are relatively complex in molecular 
structure. Solvent or detergent mate- 
rials other than soaps and esters in- 
clude substituted organic materials, 
aliphatic and aromatic, substituents in- 
cluding the nitrogen, halogen, oxygen- 
containing elements or groups, and 
numerous other compounds. 


Synthetic Chemical Products 


A huge volume could be written 
about the numerous synthetic mate- 
rials now produced commercially from 
petroleum. Solvents, alcohols, includ- 
ing mono-, di-, and polyhydric prod- 
ucts such as glycerin, isopropyl alco- 
hol, and glycols; resins, plastics, aro- 
matic products, and many others are 
being made by synthetic methods, em- 
ploying processes mentioned here, fre- 
quently beginning with olefins or iso- 
parafins as raw material. Synthetic 
rubber is being made from petroleum, 
using butene, ethylene, and similar in- 
termediates. Standard Oil Company of 
New Jersey will soon place on the 
market butyl rubber and buna rub- 
ber, synthetics made from hydrocar- 
bons, the butyl product being devel- 
oped in this country. Buna rubber was 
originally synthesized in Germany. 
This field bids fair to become one of 
the most important in the petroleum 
industry, one in which both refiners 
and technical men may well interest 
themselves. 
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Review of Recent Trends in 


HE GENERAL fund of knowl- 

edge pertaining to the production 
of petroleum is being added to so rap- 
idly at the present time on so many 
broad fronts that it is virtually im- 
possible for the average production en- 
gineer to keep abreast of the advance. 
Yet today, more than ever before, it 
is essential that he be well informed 
in order to be of value to himself and 
to the organization with which he is 
connected. 

Considered objectively, for the mo- 
ment, a survey of progress in produc- 
tion, to be exhaustive and complete, 
should include consideration of every 
improvement and contribution made 
by every aggressive engineer and work- 
man in the producing branch of the 
industry. More important, it should 
touch upon every mistake made in- 
stead of only the correct things done, 
because it is by the mistakes we make 
that real advancement occurs and it 
would be by studying the errors of 
others that we best could avoid their 
costly repetition. Engineering is a sci- 
ence, and workers in science are re- 





Pumping unit powered by small elec- 

tric motor is mounted on high block 

to avoid submergence when near-by 
creek overflows 








THE PETROLEUM ENGINEER, Midyear, 1940 


Production Methods 


By H. LEE FLOOD 


Associate Editor 


puted to be seekers for the truth; but 
so long as engineers are human, there 
will continue to be a reticence about 
loudly proclaiming to others even the 
honest errors that are made in endeav- 
oring to solve the problems confronted. 

As it is impossible to correlate all 
elements that have contributed to 
progress in production during the last 
12 months, it is hoped that some value 
will result from a discussion of the 
more outstanding trends of thought 
and practice that appear to be of great- 
est importance to production engineers 
at the present time. 


General Review 


As advances have been made and 
more has been learned about the pro- 
duction of oil, the basic problem has 
remained the same as it was in the 
early days—get the maximum amount 
of production at the least cost possible. 
Although this is still the objective of 
the modern production man, there is 
almost no semblance of similarity be- 
tween the old and the new ways in 
which this objective is striven for. For- 
merly, getting the maximum amount 
of production involved little more than 
the time element—that is, the capable 
producer was the one who could ob- 
tain the largest volume of production 
in the shortest possible time. Now- 
adays the time element is still an im- 
portant factor but in an entirely dif- 
ferent way. Whether the restraint is 
self-imposed or inflicted by proration 
orders, the problem today is generally 
one of obtaining the maximum yield 
ultimately from a reservoir at the low- 
est possible unit cost, regardless of how 
many months or years are required to 
accomplish the task. 

Production engineers, from the 
knowledge they have gained during the 
last 20 years, are generally capable of 
estimating the probable sequence of 
events during the life of a producing 
property. More important, however, 
than the ability to predict with fair 
accuracy the entire future of a field, 
has been the increasing tendency to 
proceed with caution in planning for 
the future. Greater attention is being 
given now to the installation of equip- 
ment that may be readily reclaimed 
and used elsewhere if future develop- 
ments in a given field do not warrant 


its continued use. This has led to the 
design of small, compact, lightweight 
items of equipment that are relatively 
low in first cost and high in salvage 
value. 

On every hand, particularly in re- 
cent months, is heard the statement by 
leading production engineers, that the 
discovery of additional reserves is of 
less importance, relatively, than the 
intelligent efforts to adopt methods 
that will insure efficient exhaustion of 
fields now being exploited. This thought 
was well expressed recently by one of 
the leading engineers in the industry.* 

“It is my impression, after talking 
with many engineers and operators at 
the Fort Worth (A.P.I.) meeting, that 
more and more attention is going to 
be devoted to methods designed to 
preserve reservoir energy. To my mind, 
the profits that can be anticipated dur- 
ing the next few years from the busi- 
ness of thé oil industry are going to 
be derived by economies in production 
practice rather than in finding new 





*Personal communication. 
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Preparing to run bottom-hole sampler 
in an Illinois well 

















fields. Right now the discovery of new 
oil reserves is not a matter of national 
importance. What we must do is to 
continue to develop methods whereby 
we can obtain the maximum recovery 
of oil without waste.” 

Mention has been made of the trend 
to adopt light, inexpensive equipment 
that can be reclaimed and changed if 
its further use is not warranted. It is 
even more important that engineers 
should keep in mind that equipment 
and conditions underground can not 
be so easily changed; consequently it is 
essential that every effort be made to 
so complete a well and conduct its 
operation as a producing unit that 
damage, sometimes irreparable, will not 
be incurred. 


Value of Well Data Is Stressed 


It should seem that the value of 
complete well records has been demon- 
strated in enough instances in the past 
as almost to assure universal recogni- 
tion by production engineers that 
such records are a vital part of effi- 
cient operation. Yet there are many 
instances that have been noted during 
the last year in which proper planning 
of future programs has been seriously 
handicapped by the almost complete 
lack of essential production data. 

In a recent letter from a production 
engineer with one of the leading com- 
panies operating in West Texas, the 
need for accurate well data is brought 
out in connection with his discussion 
of the possibility that water-flooding 
may be adopted in an effort to bolster 
the yield from the rapidly declining 
sand fields of Ward and Winkler coun- 
ties (Estes, South Ward, and Kermit 
fields, specifically). 





A popular type of well-servicing unit 
where derricks are installed 
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The letter states “In connection 
with preliminary studies of water- 
flooding prospects, the absence of re- 
liable well data brings home the im- 
portance of this phase of engineering. 
Operators should profit by such mis- 
erable mistakes if there is even a re- 
mote chance of adopting water-flood- 
ing or repressuring in the latter stages 
of development. That is, where such 
secondary methods are foreseen at the 
outset of drilling, too many cores can- 
not be taken, and well records cannot 
be too complete and accurate. Unfor- 
tunately, lack of these important data 
in the Ward and Kermit fields will 
necessitate costly experimenting before 
any operator can say whether any such 
project is feasible.” 

Failure to obtain and record ade- 
quate well and formation data is due 
usually to one of two things: (1) lack 
of foresight and judgment, or (2) 


Lease equipment in Shreveport, Lou- 
isiana, field includes gas-oil separator 
equipped with heater to break-down 
oil-water emulsions 





unwillingness to authorize expendi- 
tures or work unless a definite need 
can be established for such items im- 
mediately. Many decisions pertaining to 
production can and should be deferred 
until the appropriate time. The preser- 
vation of well data and formation rec- 
ords must begin with the first well in 
a field and never slacken during the 
entire life of the property. 


Secondary Recovery Methods 


Gaining momentum and size much as 
the proverbial snowball rolling down- 
hill, there has been a tremendous in- 
crease during the last year in the 
thought and attention being accorded 
to the methods of secondary recovery. 
Important though the present instances 
may be in which second recovery 
methods are being employed, of greater 
significance are those fields only now 
being developed in which the plans 
include provision for application, in 
the latter stages of production, of some 
kind of secondary recovery. In fact, 
this tendency to include secondary re- 
covery methods in the overall develop- 
ment plan is eradicating much of the 
distinction between primary and sec- 
ondary methods and is causing them 
to be blended into one comprehensive 
program of exhausting a given pool. 
There still remain, however, the many 
older fields throughout the country 
that have definitely been exhausted by 
the so-called primary methods that 
should yield additional oil (and profits) 
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by gas-repressuring or water-flooding, 
not to mention mining methods that 
may yet become commercially profit- 
able at some future time. 


Gas-repressuring. Acceded by 
many to be the most interesting appli- 
cation of gas repressuring in the coun- 
try today is the large-scale project 
undertaken by the leading operator in 
the Loudon pool, Illinois. Progress of 
the operation was reported last Fall in 
an excellent paper,‘ from which the 
following pertinent remarks are 
quoted: 


“Essentially, the project is one of 
high pressure or early-life repressuring 
as contrasted with pressure mainte- 
nance or low-pressure gas injection. 
Loudon leases are usually small, and 
their size, coupled with the strong 
competitive situation, rules pressure 
maintenance out of consideration be- 
cause of the infeasibility of gas-cap 
control and fair treatment of all roy- 
alty owners. Repressuring, or the fa- 
miliar gas-driven type of injection, is 
applied usually to a relatively depleted 
property as a secondary or delayed 
method of recovery. It amounts to 
reclaiming by mechanical propulsion 
oil retained in the pore openings of 
the formation; that is, to supplying a 
differential pressure, even of small 
magnitude, tending to promote move- 
ment of practically gas-free crude to- 
ward producing wells. It has thus been 
in the past a low-pressure, low-volume 
kind of operation, involving consider- 
able recycling. But experience has led 
us to the conclusion that the degree 
of improvement in recovery by re- 
pressuring, all other factors standing 
equal, is inversely governed by the 
stage of depletion at which gas injec- 





"Gas Injection at Loudon, IIlinois,’’ by R. J. 
Sullivan, Tech. Pub. No. 1173, A.I.M.E. .Petro- 
leum Techunolc gy, February, 1940. 


tion is begun. (The italics are ours.) 
In other words, the percentage of addi- 
tional yield from a property wholly 
depleted by normal methods is not as 
great as that of a property only partly 
depleted—and for the same reasons rec- 
ognized by outright pressure mainte- 
nance in its endeavor to preserve reser- 
voir fluidity. The theory of early-life 
repressuring is merely a demonstrable 
corollary drawn from pursuit of the 
logic of pressure maintenance. Objec- 
tives of the Loudon program, then, are 
to supplement natural energy so as to 
drive underground oil while it remains 
in its most fluid state, to avoid at the 
same time the drilling of unnecessary 
and even harmful wells, and to con- 
serve and process a meager gas supply 
before it has been dissipated.” 

In summarizing the paper, it is stated 
further: 

“Among the mechanical difficulties 
to be overcome, gas-oil ratio control 
undoubtedly will be paramount. At 
Loudon it is more than ordinarily com- 
plicated by a plurality of sands dis- 
playing marked irregularity, both with 
relation to each other and within 
themselves. . . . The presence in por- 
tions of the pool of local gas caps 
occupying thick sections of sand, to- 
gether with inconstancy of gas-oil 
and water-oil contact points, intro- 
duces other elements compounding the 
problem. As exploitation approaches a 
settled stage, added questions coming 
to the fore will exert greater demands 
for attention. An intensive testing 
program is the best means of securing 
knowledge of the project’s effects so 
necessary to proper control. Only 
through careful and suitably equipped 
field observation can reservoir perform- 
ance be studied so that operations are 
guided toward profitable efficiency. 
Despite the fact that there exists no 
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previous experience with a project re- 
sembling Loudon’s, the findings made 
elsewhere, especially during the past 
five years, can be usefully applied to 
these newer problems.” 


The Loudon project represents one 
of the best-planned and well-engi- 
neered production programs that has 
thus far been instituted. The writer 
has followed its development almost 
from its beginning and is in full ac- 
cord with the concluding remarks by 
the author of the paper when he says, 
“To predict that the Loudon pool will 
eventually furnish the industry with 
much valuable knowledge is no idle 
prophecy. Already it has fostered nota- 
ble advancements in the technique of 
drilling and completing wells. From it 
will come new facts concerning well- 
spacing relationships. The production 
of so very irregular a reservoir will 
yield other important findings. Espe- 
cially is this true of the unprecedented 
injection plan employed at Loudon, a 
new departure in its own special field 
and one that shows promise . . . of 
accomplishing its ambitious end.” 

Much space has been devoted here 
to the Loudon project because it repre- 
sents the largest repressuring program 
ever to be undertaken and because so 
much acreage (80 percent of the 20,- 
000 productive acres) is controlled by 
the one company instituting the gas 
drive. 

Other projects of smaller magnitude 
are of interest and would be discussed 
if space permitted. A brief descrip- 
tion of the pressure maintenance pro- 
gram in a 1400-acre Kansas pool was 
given in a paper presented in March, 
1940.” 


Water-flooding. Perhaps the most 
important point to be noted in con- 
nection with water-flooding is the 
warning given recently that results of 
Bradford experience should be applied 
with caution in other (Mid-Continent ) 
areas. 


The author of the paper* in which 
this caution was given, speaking of the 
discouraging results of the first water- 
flooding project to be tried in eastern 
Oklahoma and Kansas, stated: 


“With 70 percent of the acreage in 
Oklahoma and 40 percent of the acre- 





2"*Pressure Maintenance in Cunningham, Kan- 
sas—Lansing Lime Pool,’’ by Colin C, Rae. Paper 
presented at Mid-Continent District Meeting, 
A.P.I., Wichita, Kansas, March 14-15, 1940. 

3**Some Practical Aspects of Water Flooding in 
Eastern Oklahoma and Kansas,’’ by Lynn C. Con- 
verse and R. R. Hawkins. Paper presented at 
Mid-Continent District Meeting, A.P.I., Wichita, 
Kansas, March 14-15, 1940. 
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This East Texas well was one of the 
first in the area to be equipped with 
a small 5-hp. pumping engine 
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Nixon Surface Control Gas-Lift System 
again sets the pace for progress. 

The New Nixon Type “C”’ ‘'2-in-1"" in- 
termittent flow controller, as shown i? 
the picture at right, controls the open- 
ing and closing of the operating flow 
valve in the Nixon Surface Control Gas- 
Lift System. By incorporating the new 
‘*2-in-1"’ principle, the intermitter may 
be alternated between Time Release 
and Fluid Release to govern the length 
of time gas is injected into the tubing 
during each flow interval. 

When operating on fluid release the 
flow valve is held open until fluid 
reaches the surface. When operating 
on time release the surface controlled 
flow valve is held open only long 
enough to admit a sufficient volume of 
gas to enter the tubing to raise the 
fluid to the surface. Individual well 
characteristics determine the type of 
control to be used. 

This combination of fluid release and 
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time release in the one intermitter in- 
creases the flexibility of the Nixon Sur- 
face Control Gas-Lift System and 
further substantiates the fact that you 
can economically deplete your well 
with the original installation. 


Intermitter TIMES Opening 
and Closing of Flow Valve 


The operating flow valve is opened and 
closed by a weight bar, attached by 
wire line to a piston suspended direct- 
ly above the well head. Timed by a 
clock, the intermitter allows gas pres- 
sure to raise the piston at regular, pre- 
determined intervals, which depend on 
the daily rate of production. 

As the piston rises, it pulls the weight 
bar into the operating flow valve in 
the tubing. When the flow valve opens, 
pressure from the casing enters the 
tubing and brings the fluid to the sur- 
face. 

The flow valve closes when the inter- 
mitter, either by Time Release or Fluid 
Release, allows pressure to bleed out 
of the cylinder, allowing the piston to 
lower the weight bar out of the sur- 
face controlled flow valve. 


OIL & GAS 


WELL SUPPLIES 


Complete line of 
Fishing Tools and Service 


C” INTERMITTER 


Talk to a Nixon Gas-Lift Engineer 
...today...he will show you 
how to reduce your fluid lifting 
cost. Write your nearest Wilson 
Supply Company store or sales 
office. 


WILSON SUPPLY CO. 


HOUSTON, TEXAS 


BRANCH STORES: 


TEXAS: Gladewater; Barbers Hill; Bay City: 
Monahans; Alice; Victoria; Corpus Christi. 
LOUISIANA: Rodessa; Lake Charles; New 
Iberia; Gretna; Shreveport. 
ARKANSAS: Magnolia. 
SALES OFFICES: Tulsa, Okla.; Dallas, Texas. 
Los Angeles: Phone W.L:A. 3-4040. 















age in Kansas owned and operated by 
experienced Pennsylvania operators, 
why did the early Oklahoma and 
Kansas floods make such a poor show- 
ing? Flooding in the Bradford area 
has produced a vast amount of expe- 
rience. Why then the large number of 
unprofitable floods in the Mid-Conti- 
nent? Certainly the Bradford practices 
were used here, but many of the fac- 
tors developed for the Bradford sand 
and oil characteristics did not apply to 
the sand and oil characteristics of the 
Mid-Continent. As an example, the 
viscosity of the Bradford oil was fairly 
consistent and as it changed but a 
small fraction by absorption under 
pressure, it was pretty well accepted 
as a constant and not a variable fac- 
tor. Core interpretations by Bradford 
experience were very misleading. Many 
of us who started early have engineer- 
ing reports on Oklahoma and Kansas 
properties in our files which were made 
up entirely from Bradford experience 
and which, in the light of our subse- 
quent experience, are grossly inaccu- 
rate.” 

The above remarks do not impair 
the value of the pioneering work done 
in Pennsylvania but do call attention 
to the hazard of endeavoring to pre- 
dict results in one area based upon ex- 
perience in another. Of interest to all 
who are following water-flooding 
should be the discussion* given last 





***Factors That Determine Profitable Secondary 
Recovery,’’ by Ralph T. Zook. Paper presented 
at the National Stripper Well Association Meet- 
ing, Fort Worth, Texas, October 17, 1939. Re- 
printed in The Petroleum Engineer, March, 1940. 
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Pumping unit on shallow well driven 
by small high-speed, internal 
combustion engine 















































Fall by one of the pioneers in Pennsyl- 
vania water-flooding practice. 


Trends in Pumping Practice 


So many advances have been made 
in the general field of pumping prac- 
tice that it is impossible here to do 
little more than touch briefly upon 
some of the more outstanding develop- 
ments. 

In certain instances, central pump- 
ing powers are still finding application, 
but the choice between central and in- 
dividual units is entirely one of eco- 
nomics, and the successful entry of 
the individual pumping unit type ma- 
chine into the light or stripper well 
field of 5-hp. loads or less has defi- 
nitely changed the picture during the 
last year. Individual units of this type 
are now able to compete on almost 
even terms in both initial investment 
and operating costs, with central 
pumping installations. 

Despite this competition, however, 


This mobile pulling unit carries its own 
telescoping mast for servicing 
shallow wells 
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central powers installed during the last 
two years in accordance with carefully 
planned engineering methods have dem- 
onstrated that a relatively high me- 
chanical efficiency may be attained. 
Greatest improvements have been made 
in the proper balancing of loads by 
dynamometer analyses and in the in- 
stallation of rod lines so that they con- 
form to a catenary curve in the ver- 
tical plane and involve no deviation 
from a straight line in the horizontal 
plane, except at angle posts, etc. Cate- 
nary rods have been installed in Illi- 
nois and in the Mid-Continent. Simple, 
quick and accurate methods and aids 
in laying out rod lines have been de- 
vised.° 

Electric power. In nearly every 
important producing area, there has 
been an increase during the last year 
in the number of pumping wells that 
are being powered by electricity, from 
either field generating plants or utility 
sources. 

Many pumping wells in the Illinois 
fields have been converted to electric 
motor drives during the last year, and 
several of the large companies have 
standardized on electric-driven units 
entirely. Many of the operators are 
purchasing utility power but one large 
company and several smaller ones have 
installed generating plants. An excel- 
lent discussion of the proper design 
of an electrical system and of the costs 
involved is given in a recent paper.* 

5**A Method of Installing Catenary Pull-Rod 


Lines,’’ by K. C. Sclater, fhe Petroleum Engi- 
neer, February, 1940. 

8**Electrification of Pumping Equipment in IIli- 
nois,’’ by R. E, Hammond. wx presented at 
Eastern Discrice Meeting, A.P.I., Columbus, 
Ohio, April 11-12, 1940. 


—— a 
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DROP FORGED STEEL 
LIQUID LEVEL GAGE 
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DROP FORGED STEEL 
= LIQUID LEVEL GAGE 


-~) USED TO OBSERVE COLOR AND DENSITY OF LIQUIDS 
al UNDER HIGH PRESSURES, AND/OR TEMPERATURES 


These gages are made of alloy temperature 
resisting steel and are of the highest quality 
throughout. Liquid chamber (both single and 
multiple section) is made from a solid block of 
steel to assure perfect alignment and rigidity. 
Frame has extra heavy beam at each end and 
glass chamber is accurately machined to con- 
tour of glass providing full metal backing for 
gaskets. Gage valves are drop forged steel with 
stainless trim. 


These gages are available in any length and 
for various pressures and temperatures. All Pen- 
berthy gages conform with A. P. L—A. S. M. E. 
requirements. 


PENBERTHY INJECTOR CO. 


DETROIT, MICHIGAN 


> “. Canadian Plant: WINDSOR, ONTARIO 














In Kansas, as well as in other states, 
the adoption of the “drawdown 
method” of taking potentials has per- 
mitted a drastic saving in pumping in- 
stallation and operating costs for those 
operators who have been quick to take 
advantage of the changed ruling. 
Under the first proration orders in 
Kansas, a physical potential was re- 
quired on each well, necessitating the 
installation of a unit large enough to 
pump the potential during the test, 
even though the daily allowable was 
only a fraction of the potential and 
required relatively little power. Under 
the new method of taking potentials, 
equipment may be installed that is 
designed to pump the daily allowable 
rather than the physical potential as 
a maximum load, thus permitting a 
considerable saving to be made. The 
method by which one company solved 
this problem is described in a recent 
article.’ 


Pumping engines. Internal-com- 
bustion engines have a wide applica- 
tion in many fields. High-speed, multi- 
cylinder engines are favored by many 
operators for temporary pumping in- 
stallations and are even showing favor- 
able costs as permanent power sources 
for pumping wells under certain con- 
ditions. 

The availability now of two-cycle 
pumping engines in sizes from 40 and 
50 hp. to as small as 10 hp. has influ- 
enced many companies to adopt this 
type engine for nearly all pumping re- 
quirements. Under certain operating 
requirements, the low piston speed 
(1000 ft. per min. or less) and low 
mean cylinder pressures (60 Ib. per 
sq. in. or less) characteristic of this 
engine afford long life and low main- 
tenance costs not available in higher- 
speed equipment. One company oper- 
ating in Illinois has experienced oper- 
ating costs of less than 0.2 cent per 
hr. with this type engine. 


Hydraulic pumping. One of the 
most interesting trends during the last 
year has been the increased acceptance 
accorded the hydraulic pumping unit. 
Confronted in its earlier stages of de- 
velopment by many mechanical prob- 
lems, its gradual perfection has re- 
sulted in a valuable new type of pump- 
ing unit being made available. 

Solution gas. These has been an 
increased trend during the last year 
away from the use of gas anchors in 
the accepted sense. Stationary gas an- 
chors of the many varied types that 
have been used in many wells in an 
effort to trap solution gas have in most 
instances proved unsatisfactory. 


One successful method of removing 





*“Electric Generating Plants on Kansas Pro- 
ducing Properties,’’ by R. A. Axe, The Petro- 
leum Engineer, June, 1940. 
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gas from solution that has attracted 
widespread interest recently is the me- 
chanical oil-gas bottom-hole separator.® 
This device is suspended in the well 
below the pump and literally “churns” 
the gas out of the oil before the latter 
enters the pump. Before-and-after data 
on wells notorious for gas-locking have 
indicated almost unbelievable increases 
in oil production when the separator 
is used. 


Pumping technique. Accompany- 
ing, or rather, underlying all the ad- 
vances that have been made in the 
pumping of oil has been the improved 
understanding of the nature and be- 
havior of well loads; consequently, 
many of the difficulties once traceable 
to improper rod selection have been 
eliminated. This increased knowledge 
has enabled a more intelligent selection 
of nearly all items of pumping equip- 
ment and, of course, has permitted 
better service to be attained from the 
equipment selected. 

There has been a growing apprecia- 
tion on the part of many operators of 
the value of correctly timing small 
capacity wells. Studies of this type aid 
in providing displacement control by 
more accurate design of pumps, inter- 
mitting equipment, etc. 

Another important advance has been 
the increased attention given to the 
importance of rod and tubing elasticity 
as a factor in controlling pump dis- 
placement. 

Well servicing. The almost uni- 
versal acceptance of the portable well 
servicing unit in lieu of a fixed or 
semi-fixed well derrick indicates that 
its saving in investment and expense 
is generally recognized by operators of 
wells of 3000 ft. or lesser depths. In 
California, Illinois, East Texas, West 
Texas, in fact, in nearly every area, 
portable units of one type or another 
are now in use. A paper that was ac- 
corded much interest recently dealt 
rather thoroughly with the subject of 
servicing units.° 


Proration and Its Effect on 
Production Practices 


Not universally, but generally, pro- 
ration is looked upon now as being a 
beneficial safeguard against the ills of 
over-production that beset the indus- 
try a decade ago. Too often, however, 
the average operator thinks only of 
the effect proration has on the market 
price of his oil and fails to recognize 





*“Bottom-hole Agitation Removes Solution Gas 
from Fluid in Pumping Wells,’’ by H. Lee Flood, 
The Petroleum Engineer, November, 1939. 


***Characteristics and Requirements of Portable 
} cheendeninns g Units,’’ by W. K. Atcheson. 
Paper presented at the Petroleum Motor Trans- 
port Association Meeting, Tulsa, Oklahoma, 
October 27, 1939. Reprinted in The Petroleum 
Engineer, December, 1939. 
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the other changes that have been occa- 
sioned by production control. 


Some of these other effects are dis- 
cussed in a recent paper’? from which 
the following quotations are taken: 

“Smaller casing and flow strings 
which are practical under proration 
have contributed materially to [a] 
lower well cost. . Less striking 
economies, but important in the aggre- 
gate, result from the use of smaller 
casingheads, reduced amounts of ce- 
ment, and smaller screen and _ liner. 
. . » Flow line design has been affected 
in two ways by proration: (1) smaller 
diameter lines can be used because they 
necessarily carry less oil than formerly 
and (2) corrosion resistant coverings 
are needed to meet the demands of 
long time production. . . . Prora- 
tion’s demand that definite amounts of 
oil be produced daily makes well con- 
trol at the tank battery desirable, and 
with wide spacing of wells, this results 
in a material saving in operating labor. 

. . Fewer and smaller lease tanks 
are needed under proration. . . 
Production is held in the gunbarrel 
while oil is being run from the stock 
tank to the pipe line. Here, as in the 
case of protected flow lines, considera- 
tion should be given to long time pro- 
duction; welded tanks may prove more 
desirable than bolted tanks since they 
eliminate gasket trouble, while gal- 
vanized tanks offer the advantage of 
eliminating painting. Reduced 
rates of production have aggravated 
the oil producer’s paraffin problems 
manyfold. Slow flow of oil is an excel- 
lent condition for paraffin, deposition 
in tubing and flow lines.” 


General 


Many other trends of interest should 
be included, if space permitted, in order 
to round out this review of recent 
trends in production practices. Com- 
pletion practices, including the use of 
the new mud acid to remove drilling 
mud from the producing formations; 
the new side wall sampler that is ca- 
pable of boring a hole through casing 
and into the formation, with its prom- 
ise of disclosing cased-off oil zones in 
older wells; the new hydraulic pump- 
ing unit installed at the wellhead and 
equipped with a hydraulic counter- 
balancing chamber; the broadened ap- 
plication of drillable and other alloy 
metals in multiple zone completions, 
and now available in shoes, retainers, 
and other drilling items—all these are 


of interest and are bound to play an_ 


important part in future production 
practices. 





1°“Oil Development and Production Practices 
in the Gulf Coast Area,’’ by George B. Corless 
and Fred N. Wise. Paper presented at A.P.I. 
Southwestern District Meeting, Houston, Texas, 
March 28-29, 1940. 
















































































































































































































































































































or Nation-wide Service 


THANKS TO DOWELL, no oil operator is ever at a loss for expert chemical 
well treating service. Dowell treating stations and district offices blanket 
every important oil producing area of three nations—the United States — 
Canada—Mexico. 

Never since Col. Drake drilled the first well has there been such com- 
plete and comprehensive cooperation for greater, more profitable pro- 
duction. Today Dowell provides every phase of oil and gas well chemical 
service. .. - New and exclusive treatments, result-producing technique, 
especially developed chemical mixtures to meet specific problems, 
modern and efficient equipment, a well trained staff of technicians—all 
these Dowell resources are at the service of the producer wherever he 
may be located. 








AN UNBEATABLE COMBINATION 


HE oil producer, realizing every branch of American in- 
dustry and agriculture looks to chemistry for its progress, 
has been eager to cooperate with scientific research. This 
cooperation, when combined with Dowell’s research 
facilities, skill and knowledge, results in greater, more profit- 
able production. The progress that chemical services have 
made in the past eight years can be traced directly to this 
powerful combination of forces. 
Dowell contributes an alert field staff, a progressive 
research department, a management dedicated to a policy 
of constant progression and the complete facilities of its 
parent organization, The Dow Chemical Company. This 
unbeatable combination keeps Dowell in the forefront as 
the pioneer and pace setter. So—regardless of your well WITH CHEMICAL 
problem, when you “Look to Dowell” you keep up with the PRODUCTS 
Toleal Dowell treating station and times and you get results. — a aati 
Wipm irty-si i well's parent organization, w Chemi- 
ee a Macnee DOWELL INCORPORATED cal Company, Midlond, Michigan, one of the 
nd trailers sonal 0 siiien Executive Office: Midland, Michigan largest organizations of its kind in this country, 
Prompt, efricien General Office: KENNEDY BLDG., TULSA, OKLAHOMA manufactures over 400 chemical products 
"mical service for oil and gas wells. Subsidiary of The Dow Chemical Company indispensable to American industry. 





Pye progress in the meth- 
ods by which pipe lines are de- 
signed and constructed may not be 
measured tangibly over any specific 
period of time, one significant factor 
to be noted in the construction proj- 
ects undertaken during the last year 
has been the manner in which all the 
knowledge gained in the past concern- 
ing good practice has been codrdinated 
to produce pipe-line systems that at- 
tain maximum efficiency both in the 
process of construction and in the op- 
eration and maintenance of the com- 
pleted line. 


It is obviously impossible to touch 
upon every phase of the work done 
during the last 12 months but it should 
be of interest to note a few of the 
more significant developments. 


Pumping Stations 


Crude oil pumping stations installed 
recently have adhered to the trend of 
providing units as small as are com- 
patible with efficient operation, at the 
same time having in mind low-cost in- 
stallation and high salvage value. The 
types of prime movers and pumps used 
quite often are influenced by a par- 
ticular set of conditions or individual 
problems and company engineers are 
now generally capable of prescribing 
the correct method of meeting the 
needs. 


From the viewpoint of the design-_ 


ing engineer and the operating man, 
the line constructed in the Rocky 


a4 








Mountain area by the Stanolind Pipe 
Line Company for the Utah Refining 
Company involves problems of great 
interest, the solution of which serves 
as an excellent example of the manner 
in which intelligent design may an- 
ticipate and forestall operating diffi- 
culties. Topographical and climatic 
conditions in that area are of a nature 
to give rise to a number of pumping 
problems!:? that are aggravated be- 
cause of the viscous oils that must be 
transported. 

The line originates at a pumping 
station near Fort Laramie, Wyoming, 
and terminates at Salt Lake City, Utah. 
Three relay pumping stations are 
spaced 96 to 141 miles apart. The in- 
itial station is at an elevation of 
4224 ft. above sea level. Within 50 
miles the line rises 3000 ft., reaches 
its greatest elevation at 7660 ft., and 
terminates at virtually the same eleva- 
tion as that at which it originates, the 
Salt Lake City elevation being 4220 
ft. High elevations, steep descents, and 
viscous flow caused by cold weather 
in the winter months were among the 
physical factors that had to be borne 
in mind by the designing engineers. 
To meet these conditions it was neces- 
sary, for one thing, to design a line 

1*Building Oil Pipe Line Across Continental 
Divide,’’ by William G. Heltzel. Paper pre- 
sented before Petroleum Fluid Metering Confer- 
ence, sponsored by the Petroleum Division, 
American Society of Mechanical Engineers, April 
11-12, 1940, Norman, Oklahoma. 

“Design and Construction of Oil Pipe Line 


in Rocky Mountain Arza,’’ by H. Lee Flood, The 
Petroleum Engineer, December, 1939. 


THE PETROLEUM ENGINEER, Midyear, 1940 





P 615. 
Interior view of Olney station of the 
Sohio Pipe Line Company showing six 
12-in. pumping units 





Recent Developments in 


to operate at considerably higher pres- 
sures than the customary 800 lb. The 
Fort Laramie station was designed for 
an operating pressure of 1800 Ib. and 
the three relay pumping stations for 
operation at 1200-lb. pressure. 

In addition to the physical factors 
involved, economic considerations en- 
tered into the decision to provide these 
pressures. Construction of a pipe line 
442 miles long to transport only 6000 
to 8000 bbl. of oil per day involved an 
exceedingly large investment. As a 
result, it was decided to hold the in- 
vestment in relay stations and oper- 
ating expenses at a minimum by spac- 
ing the pumping stations farther apart 
than is customary practice and oper- 
ate at high pressures. 

The initial station is at Fort Laramie. 
The three relay stations are at Medicine 
Bow, Wamsutter, and Granger. The 
facilities at each of the relay stations 
are two solid-injection Diesel engines 
of 250 hp. each, direct connected to 
4¥2-in. by 16-in. duplex pumps. The 
engines are 5-cylinder, 4-cycle, 400- 
r.p.m. units convertible to gas fuel. 

Because of the isolated location of 
the stations they were designed to give 
reliable operation, and, as only one 
man is employed on each tour, the 
factors of simplicity and compactness 
were also important considerations. 

Added interest is given to a study 
of the Utah Refining Company line 
because of a recent announcement by 
the petroleum agency of Argentina 




















Laying pipe under difficulties on a 
recent job in Illinois 





By 
FRANK H. LOVE 


Managing Editor 


(Y.P.F.) that it is formulating plans 
for 1941 that include the construc- 
tion of a 550-mile, 12-in. crude oil 
pipe line from the Lulunta and Tupun- 
gato fields in the western part of the 
country to a terminal on the Rio 
Parana, giving an outlet to the At- 
lantic Ocean. Topographical conditions 
similar to those in the Rocky Moun- 
tain area discussed, will result in the 
builders of the line being faced with 
like problems. 

On another major pipe line project 
of the year,® constructed by the Mag- 
nolia Pipe Line Company for Socony- 
Vacuum Oil Company, Inc., from 
East St. Louis, Illinois, to Lima, Ohio, 
four stations each were equipped with 
two 415-hp. at 360 r.p.m., 4-cycle, 
5-cylinder Diesel engines driving 
through speed increasers two 4-stage 
centrifugal pumps. At four other sta- 
tions there are two 405-hp., 450-r.p.m, 
4-cycle, 6-cylinder Diesel engines 
driving centrifugal pumps. 

An example of the wisdom of de- 
vising a field gathering system to meet 
unusual conditions is offered by the 
plan adopted by one company in the 
Illinois Basin. Rapid decline in pro- 
duction following initial flush produc- 
tion resulted in several methods being 
adopted by various companies to cope 
with the situation. One company de- 





3*Laying of Year’s Longest Oil Line Accom- 
lished in Fast Time,’’ by Frank H. Love, The 
etroleum Engineer, September, 1939. 
**Portable Pumps in Oil Pipe-Line Gathering 
Systems in Illinois Basin,’’ by J. W. Meehan, 
he Petroleum Engineer, March, 1940. 
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cided to standardize by using similar 
power pumps driven by gas engines 
for all gathering operations. Topog- 
raphy being such that a general grav- 
ity system was not practicable, it was 
determined that the best plan to fol- 
low would be the use of an individual 
unit to serve two or three tank bat- 
teries. Portable units were selected be- 
cause (1) they would provide flexi- 
bility for general field operations, and 
(2) they would serve adequately in 
lieu of permanent stations. To avoid 
the erection of permanent stations was 
desirable due to the uncertainty of the 
limestone production. Any desired ca- 
pacity could be obtained by these 
portable pumps by the simple expedient 
of connecting them in series. As the 
power pump of necessity would have 
to be flexible enough to handle a wide 
range of pressures, a 5 by 10 pump was 
selected in which the liners were inter- 
changeable with smaller sizes down to 
and including 2¥-in. liners. With 
these units the pressure range available 
is from 250 to 1000 Ib. per sq. in. Due 
to operating conditions on the various 
feeder lines, horsepower requirements 
vary from 5 to 40, consequently a 40- 
hp. engine was selected to drive the 
pumps. 

A complete unit of this type can be 
assembled in the shop, needing only to 
be connected to the suction and dis- 
charge lines after being unloaded in 


the field. 


The unit can use as fuel natural gas, 
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n}| Pipe-Line Construction 


gasoline, Diesel oil, or crude oil, the 
last only in an emergency. 

A recent station designed with a 
view to providing maximum pumping 
service, and at the same time lending 
itself to ready dismantling and thus 
attaining a high salvage value, is one 
constructed by the Sinclair Prairie Pipe 
Line Company in the K.M.A. field, 
Texas.° A site was selected so that the 
oil will flow by gravity to the tanks at 
the station. Pumping equipment con- 
sists of a 600-r.p.m., 9 by 12, 6-cyl- 
inder, vertical gas engine coupled 
through a geared speed increaser to a 
multistage centrifugal pipe-line pump. 
The pump has a capacity of 350 gal. 
per min. at a speed of 3600 r.p.m. 
against a head of 1975 ft. The unit is 
mounted on an I-beam sub-foundation 
and if it becomes necessary to move it 
the procedure will be simple. It will 
only be necessary to remove the nuts 
from the foundation bolts, unflange 
the pipe lines, and uncouple the foun- 
dation I-beam. Virtually all station 
lines are in concrete trenches covered 
by gratings. Thus all equipment would 
lend itself to ready dismantling. 

In constructing stations on an ex- 
tension to its system one gasoline pipe 
line company installed aboveground 
headers and manifolds for the first 
time.° These installations were made to 

‘Pump Station on Oil Pipe Line Designed for 
Ready Dismantling,’’ by J. C. Albright, The Pe- 
trcleum Engineer, April, 1940. 

6*‘Operating Experience Dictates Advanced De- 


sign of New Gasoline Pi Lines,’’ by Stanley 
Learned, The Petroleum Engineer, March, 1940. 
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provide greater flexibility in operation. 
At these same stations sediment traps 
were also placed aboveground as a con- 
venience to the operator and to elimi- 
nate corrosion, hazard to workmen, 
and fire danger. 


The trap is designed so that fluid 
and sediment enter the top of the trap 
through an 8-in. line, dropping into a 
16-in. horizontal pipe where the stream 
splits and flows in opposite directions. 
The velocity of flow is thus reduced 
and sediment and water drop through 
four connections into a 10-in. collect- 
ing pipe. The fluid being pumped leaves 
the 16-in. pipe through the upper 
connections and enters the suction 
line of the pumps. Sediment is removed 
from the ends of the collecting pipe 
through flanges. Through five 2-in. 
pipes on the underside of the collect- 
ing pipe water and what small volume 
of gasoline may be mixed with it are 
drained and sent to a gravity separa- 
tor. Here water and gasoline are sepa- 
rated, the gasoline being collected in 
a sump pit from where it enters the 
pump suction. 

Although the “angle type” com- 
pressor unit is not a new development 
of the year, an increase in its use has 
been noted in the last twelve months.’ 
The need for laying larger lines and 
the extension of existing lines to serve 
distant markets in which seasonal loads 
vary widely, makes it desirable to em- 
ploy a compact compressor unit that 
can be economically and quickly in- 
stalled to meet peak load demands, pro- 
viding also flexibility and dependability 
of operations during overhaul periods 
and periods of normal and sub-normal 
operation. 


The “angle type” unit is a vertical 
multi-cylinder gas engine driving di- 
rect-connected horizontal compressors. 
Advantages of this equipment are its 


*™ Installation of Angle-Type Units in Main 
Line Compressor Station,’’ by George T. Koch, 
The Petroleum Engineer, March, 1940. 
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reduced installation cost, smaller floor 
space requirement, reduced mainte- 
nance cost, and flexibility of operation. 


Both 2-cycle and 4-cycle engines 
are available, popularity and develop- 
ment of the 2-cycle engine having 
been given impetus by the addition of 
the pressure fuel-injection system that 
was first used a number of years ago 
on the horizontal units. The pressure 
injection system has resulted in a 30 to 
35 percent saving in fuel compared 
with the former method of introduc- 
ing the fuel by mixing with the scav- 
enging air. This has placed the 2-cycle 
engine on a comparable basis with the 
4-cycle engine with respect to fuel 
consumption. 

Elimination of excessive pressure 
drop through the plant prompted engi- 
neers of the Consolidated Gas Utilities 
Corporation to make a close study of 
piping and header design in installing 
a recent station near Shamrock, Texas. 

Prior to making this installation, a 
series of tests and observations were 
made at other company stations already 
in service. It was thus determined that 
gas discharged from the higher-speed 
compressors showed a greater pressure 
drop than gas discharged from the 
lower-speed units. It seemed reason- 
able to suppose this was due to a 
greater turbulence having been set-up 
by the increased action of compressor 
pistons and valves. If pulsations and 
vibrations thus caused are not ad- 
justed before the gas reaches the dis- 
charge lines, there will be greater fric- 
tion in the pipe line, which, in turn, 
will result in increased pressure drop. 
If the pulsations and vibrations can be 
absorbed in a large reservoir before the 
gas reaches the common discharge line, 
it will have smooth passage in the line; 
otherwise the pulsations are intensified 
and the back pressure resulting from 





S*Piping and Header Design to Minimize Pres- 
sure Drop,’’ by C. S. Worley and D. K. Hutch- 
craft, The Petroleum Engineer, May, 1940. 





Coating and wrapping a line with 
one of the late-type machines 
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this increased friction places an un- 
necessary load on the engines and com- 
pressors. As the pulsations are ab- 
sorbed the pressure drop is minimized, 


For this plant it was decided to use 
a short 14-in. header connecting the 
6-in. down-pipes from the two com- 
pressor cylinders on each unit, and to 
maintain the same size (14-in.) dis- 
charge line a short distance outside the 
compressor building and there swage 
to 8-in., for the installation of valves, 
before connecting into the discharge 
header. Use of this diameter discharge 
line made it possible to create the de- 
sired reservoir capacity in approxi- 
mately 14 ft. of 14-in. and 6-ft. of 
8-in. pipe. About 100 ft. of 14-in. 
line was required from the discharge 
header to the atmospheric cooling coils 
and 250 ft. of 14-in. from the outlet 
of the gas coolers to the master dis- 
charge valve connecting with the main 
line. 

This header and piping arrangement 
resulted in much less overall pressure 
drop than existed in any of the plants 
investigated prior to making the in- 
stallation, and further has resulted in 
the passage of about 5 percent more 
gas through the plant. 


Line Construction 


Numerous lines of considerable 
length were laid during the year. Al- 
though in general, construction meth- 
ods show no revolutionary change from 
year to year, yet certain methods and 
equipment are constantly being evolved 
that improve upon those of the past. 

When designing a pipe line, engi- 
neers are ever striving to effect maxi- 
mum flow efficiencies. Many considera- 
tions enter in, most of which are com- 
mon knowledge. The increasing use 
of streamlined, or some form of “y”, 
connection between looped lines is a 
recent example of these efforts. The 
type of connection used by one of the 
larger gas pipe line systems is shown 
in sketch form in recent literature.° 
These connections are made in full size 
and offer a minimum restriction to 
flow. 


Development of various types of 
cleaners or ‘‘go-devils” to clean the in- 
side of pipe lines is also a result of the 
desire for maximum flow efficiency. 
Flow efficiencies as great as 95 percent 
have been reported in gas lines as a 
result of cleaning by this method® and 





*“Changes and Improvements in Natural Gas 
Pipe Lines,’’ by J. Stanley Stevenson, The Petro- 
leum Engincer, March, 1940. 


THE PETROLEUM ENGINEER, Midyear, 1940 


























WILL MISSION PUMP 
PARTS SAVE YOU? 


We don’t know, in dollars and 
cents, just how much you can 
save by using Mission Pump 
Parts, but we do know, from the 
experience of thousands of users 
that they will result in a definite 
saving in two ways. 


Low replacement cost 


is a result of long life. Confirmed 
Mission customers in all parts of 
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EXACTLY HOW MUCH... 


the world have proved in their 
own pumps that Mission Pump 
Parts give a longer run per dollar. 


Minimum shut-down time 


is assured because Mission Pump 
Parts stay in the pump longer and 
wearing parts can be quickly re- 
placed when replacement be- 
comes necessary. 

Thus you make a direct saving on 
replacement costs plus a more 
important indirect saving because 
costly shutdown time is reduced. 











To be sure of minimum slush 
pump maintenance costs, make 
sure every one of your pumps is 
equipped with Mission Valves, 
Pistons, Piston Rods and Gland 
Packings. Mission Manufactur- 


ing Company, Humble Road, 
Houston, Texas. Export Office, 30 
Rockefeller Plaza, New York. 











in oil and gasoline lines efficiencies are 
correspondingly improved. 


Each year since their introduction 
to the pipe line industry has seen an 
increasing use of the machines that 
coat and wrap pipe on the line in one 
operation. Such a machine travels along 
the pipe under its own power, hot 
enamel from a supply tank being 
flowed evenly over the pipe’s surface. 
The wrapping arm immediately applies 
the wrapper, the latter bonding to the 
hot coating. These machines have been 
in use for perhaps two years. Early 
this year, however, an improvement 
was made to the equipment whereby 
couplings on gas lines can be coated 
as easily as the rest of the line.® Previ- 
ously the pipe-coating machine had 
been employed principally on solid 
welded lines. On those lines coated by 
the machine it was necessary to coat 
the couplings by hand, the heavy ma- 
chine passing over the coupling on a 
track fashioned of steel plate. With the 
new machines the couvlings are coated 
in a specially designed form. 


Construction of one of the year’s 
major lines, a considerable part of 
which was laid over rough terrain, 
saw the introduction to pipe line work 
of the “rooter.” This equipment was 
pulled ahead of the ditchers by a 
heavy-duty tractor, its function being 
to “root” boulders from the right-of- 
way and break furrows through 
rock.) 2 

On this same job a new method of 
swabbing pipe was employed. The 
problem involved that made its use 
necessary, the equipment, and the 
method of procedure are described by 
Heltzel as follows:' 


“On account of the line being con- 
structed by welding the single 40-ft. 
lengths of pipe into the line by bell- 
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hole. welding, it was not possible to 
use the customary method of swab- 
bing. In the case of roll welding, the 
long sections (200 to 250 ft. in length) 
are swabbed ordinarily by pulling a 
steel disk, attached to the end of a 
long string of 1'4- or 2-in. pipe, 
through them before they are welded 
into the line. On this job, a special 
swab was forced through the line by 
compressed air. The swab is con- 
structed primarily of rubber-cupped 
disks and stellited steel plates mounted 
on a shaft. Sections of the pipe varying 
from % to 5 miles in length were 
swabbed in this manner. On another 
line constructed at the same time, a 
single swab was run through a 40-mile 
length of line. The rubber-cupped 
disks of the swab fit tightly enough to 
clean the inside walls of the pipe and 
clear the line of sediment and foreign 
matter. Air leakage past the rubber 
disks blows the dust, mill scale, and 
other foreign substances ahead of the 
swab. Air pressures varying from 10 
to 50 lb. are required for this opera- 
tion. To avoid injuries, the open end 
of the line should be closed by welding 
securely to it a short piece of pipe 
with one end closed, and slots cut in 
its walls to release the air. The steel 
plates of the swab are made slightly 
smaller than the inside diameter of the 
pipe, but not so small that they will 
not stop the scraper at any place in 
the line where the pipe has been flat- 
tened excessively in bending. The 
edges of these steel plates are tipped 
with stellite to minimize the wear. 
Running a swab constructed in this 
manner gives assurance that after 
the line is put in operation, pipe-line 
scrapers can be run without becoming 
lodged in the line, either on account 
of flattened pipe or foreign obstacles 
left in the line.” 
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Two 600-hp. angle-type gas-engine 
compressors installed during the year 
at Tuscola, Illinois, by the Panhandle 
Eastern Pipe Line Company 
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Acting contrary to popular concep- 
tion, officials of the Stanolind Pipe Line 
Company, on another job, had aerial 
maps made of a proposed . pipe-line 
right-of-way while 10 to 15 in. of 
snow covered the ground.’° This pio- 
neering work demonstrated that rather 
than obscuring visibility, the snow en- 
hanced the topographic study. Samples 
of the photographs illustrate the clear 
relief with which surface conditions 
were discernible. 


Welding 


Welding technique and welding 
equipment have kept pace with prog- 
ress made in other phases of pipe-line 
construction. During the year, im- 
proved welding machines have been 
placed on the market and welding rods 
of high quality and for specialized 
purposes announced. The quality of 
welds made possible by these materials 
and the well-developed welding tech- 
nique as now practiced seem to be 
entirely satisfactory. 

Insofar as welding procedure is con- 
cerned, with respect to pipe-line con- 
struction, the two methods, “‘stove- 
piping” and “‘roll-welding,” both have 
their advocates. One authority,"? after 
discussing the advantages and disad- 
vantages of both methods, summarizes 
by stating that it would be erroneous 
to say that one method of welding is 
preferable to the other under all con- 
ditions. Both have their place in pipe- 
line construction. His listing of the 
factors favorable to each method are 
of interest. 


Factors favorable to stove-pipe weld- 
ing are: 

(a) Use of small-diameter pipe. 

(b) Use of light-weight pipe. 

(c) Very rough country. 

(d) Muddy or swampy country. 


Factors favorable to roll-welding are: 
(a) Use of pipe of not more than 
12-in. diameter. 
(b) Use of heavy pipe. 


(c) Level country with no obstruc- 
tions. 
(d) Country where it is difficult to 


dig ditch, such as rocky or 
frozen ground. 





10“Snow-Covered Pipe-Line Right-of-Way 
Photographed from Air,’’ by Frank H. Love, The 
Petroleum Engineer, March, 1940. 

11*Electric-Arc Roll-Welding and Stove-Pipe 
Welding in Pipe Line Construction,’’ by Harold 
C. Price, The Petroleum Engineer, March, 1940. 
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Streamlined M-50 CROWN 
and TRAVELING BLOCKS 


Here are Emsco's new series M-50 Crown and Traveling Set Mg 


Blocks with 50” balanced sheaves, larger bearings and 


greater carrying capacity... plus extremely narrow de- SS 


sign that allows more pipe racking space and speeds up 




















operations in general. 


Both the M-50 Crown and Traveling Blocks have spe- 
cially designed 2742” roller bearings mounted on a 19” | 


center drum. This unique bearing design makes possible 





exceptionally rapid fall of the traveling block under light 








loads, provides ability to withstand the heaviest loads 


under high speeds and insures a long service life. Ask for 





descriptive literature or prices from any Continental repre- AN 
sentative. 


THE CONTINENTAL SUPPLY COMPANY 


General Offices: DALLAS, TEXAS 
Foreign Sales Subsidiary 
CONTINENTAL EMSCO COMPANY, Inc. 
30 Rockefeller Plaza New York City, N. Y. 


Representatives: 


MARACAIBO BUENOS AIRES 








LONDON TRINIDAD 











SERVING THE OIL AND GAS INDUSTRIES 


EQUIPMENT 
FOR TOP Performance 





Emsco M-50 Crown Block—Inner 
bearing race adjustable to any degree to 
present new load side when wear occurs. 
Bearing parts replaceable without replac- 
ing entire bearing. 












Emsco M-50 Traveling Block—Note 

short design allowing utilization of full 

derrick height. Sheave and bearing assem- 

bly is interchangeable with M-50 Crown 

Block, both having same sheave centers, 

thereby reducing feet angle and minimiz- 
ing wear due to thrust. 
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Progress and Trends in Gas-Lift 
Operations 


By S. F. SHAW, Consulting Engineer 


NDER PRESENT schedules of 

restricted production, artificial 
gas-lift methods do not receive the 
attention they would command if the 
crude oil requirements were more 
nearly in line with the producible sup- 
ply; this applies particularly to those 
methods that are best adapted to lift- 
ing large quantities of fluid from high 
potential wells. Large volume gas-lift 
production methods are in use, how- 
ever, where large quantities of water 
must be lifted in order to produce the 
present-day oil allowables. 


Natural Flow 


Natural flow, which is a natural 
form of gas-lift, accounts for a con- 
siderable part of the oil now produced 
in the United States. Many deep fields 
discovered in recent years have been 
restricted in production during their 
entire life and have, therefore, con- 
tinued to flow naturally for a long 
period of time. So far as energy com- 
putations are concerned, natural flow 
is more wasteful of energy in lifting 
oil than is artificial gas-lift, inasmuch 
as the quantity of gas dissolved in the 
oil may contain many times the amount 
of energy required for the lifting op- 
eration, but as the dissolved gas must 
necessarily accompany the oil to the 
surface, there is no way by which the 
excess energy can be held back in the 
reservoir. 

New compressor plants used for arti- 
ficial gas-lift are now much less in evi- 
dence than compressor plants used for 
recycling gas from distillate - produc- 
ing wells. Conservation requirements 
demand that the gas from these wells 
be returned to the reservoir, or be 
employed for fuel or other useful pur- 
poses. Installations of recycling plants 
have aggregated some 100,000 hp. dur- 
ing the last two or three years, and 
the interest shown in this kind of pro- 
duction is so great that it is likely 
that two or three times that quantity 
will be installed for this purpose dur- 
ing the next few years. 

Fields in which natural flow pre- 
dominates over artificial production 
methods are much too numerous to 
warrant listing, but outstanding fields 
would include Anahuac, Conroe, East 
Texas, East White Point, Hastings, 
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S. F. SHAW 


received a degree in mining engi- 
neering from Columbia University in 
1903—From that time until 1926 he 
was with various mining organiza- 
tions in Mexico and Costa Rica— 
While with the American Smelting 
and Refining Company in Mexico a 
part of his work involved dewater- 
ing of mines by the application of 
air-lifit—This experience and knowl- 
edge he later applied to the lifting 
of oil by air-gas lift methods—Since 
1926, during which time he has been 
connected with various oil compan- 
ies and has operated as a consulting 
engineer, he has constantly studied 
and applied air-gas lift principles to 
oil production and is considered an 
authority on the subject—His home 
is in San Antonio, Texas. 
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Jennings extension, Kettleman Hills, 
Magnolia, Old Ocean, Plymouth, Ro- 
dessa, Schuler, South Burbank, Thomp- 
sons, Tomoconnor, Van, West Ranch, 
and Wilmington. The total quantity 
of oil produced from such fields in 
December, 1939, amounted to 27,085,- 
000 bbl., or 24 percent of the total 
of 112,675,000 bbl. produced in the 
entire United States. Besides the fields 
mentioned, many other smaller fields 
are producing their allowables by nat- 
ural flow. Many of these fields will 
probably continue to flow naturally 
for some years, especially as restricted 
production seems destined to continue 


for a considerable length of time be- 
fore the demand approaches the avail- 
able supply. 


Artificial Gas-Lift 


Artificial gas-lift methods employed 
consist of straight, or continuous gas- 
lift, combination gas-lift, and various 
intermitting types of gas-lift. 

Oklahoma City. In past years, 
Oklahoma was probably the leader in 
the use of various gas-lift methods, 
but gas-lift installations in this state 
have now decreased in number con- 
siderably. Oklahoma City was very 
prominent three or four years ago as 
one of the larger fields in which gas- 
lift was employed. The work in this 
field is now confined to a few com- 
bination gas-lift installations in the 
Wilcox sand zone, and to a few wells 
in the Simpson sands that are produced 
on straight gas-lift, owing to the large 
quantities of water produced, ranging 
to 90 percent. To the surprise of 
many, the anticipated water drive in 
the Wilcox sand has been very in- 
active, and wells with vacuum on top 
of the sand are able to produce as 
much as 1000 bbl. per day on straight 
centrifugal pump, hydraulic pump, 
and the beam pump. With a vacuum 
on top of the sand, there is no possi- 
bility of using straight gas-lift. Until 
recently, some wells in the Moore field, 
Oklahoma, have been produced on gas- 
lift, but many of these wells have 
been abandoned, or have been placed 
on centrifugal pumps. 


Operating cost for compressing gas 
for gas-lift operations has been reduced 
to a low figure in the Oklahoma City 
field. In one plant, the quantity of 
gas compressed during 1939 was 895,- 
367,000 cu. ft. at a cost of 1.3 cents 
per M. cu. ft., and in a second plant 
in which the quantity compressed dur- 
ing the year was 1,339,690,000 cu. 
ft. the operating cost was 0.69 cent 
per M. cu. ft. 


Rodessa. In the Rodessa field, there 
was recently listed a total of 944 pro- 
ducing wells, of which 435 were on 
artificial lift, and of these, 321 were 
produced on some type of gas-lift.’ 

1*‘Artificial Lift Methods in the Rodessa Field,’’ 
by B. J. Dowd. Paper presented at A.P.I. South 


western District meeting, Houston, Texas, March 
28-29, 1940. 
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head Safe si: 
pe normally a) ereematically stops 


Here is one of the most important contributions to safety of Other Star Features of 
| drillers—the new Wilson Automatic Cathead Safety, which positively Wilson Streamlined Rigs .. . 
| Pfevents injuries formerly caused by drillers becoming entangled @ Friction clutches in the drum — both 
in rope. high and low speeds. 
This Cathead Safety operates automatically on all three catheads. @ Full circulating water-cooled brakes 
i . ; and clutches. 
n case the rope winds unevenly, or starts to build up to a second , 
la h : ; @ Air-controlled drum clutches with fin- 
| ayer, the Cathead Safety trips, throws out the main clutch and ger-tip control. 
applies a powerful brake which stops the cathead almost instantly. @ Friction clutches on rotary table drive 
This brake also holds the cathead and prevents dropping the and pump drive. 


| load which may be on the catline, preventing injury or danger from @ New protected instrument panel. 
| this source @ Cradle mounted hydromatic brake with 
f clutch. 


@ Hardened, ground and polished alloy 
steel brake rings. 


@ Friction latch on hand brake lever. 
@ Automatic transmission shift. | 


























Straight gas-lift accounted for 35 
wells, wire-line intermittent methods 
accounted for 120 wells, other inter- 
mittent methods were employed on 18 
wells, 61 wells were produced on 
plunger lift, jet collars were installed 
in 6 wells, and “kick-off” valves had 
been installed in 81 wells. The number 
of wells on gas-lift represented 74 per- 
cent of those artificially lifted, and 
production in the field obtained by all 
types of artificial lift amounted to be- 
tween 40 and 50 percent of the total 
of the field.” Fig. 1 shows the approx- 
imate capacity of the plunger-lift in 
the Rodessa field for different sizes of 
tubing and for different casing pres- 
sures. 

East Texas. A large number of 
wells in the East Texas field are pro- 
duced on gas-lift of one type or an- 
other. The latest summary obtainable 
is that published April 18, 1940, which 
listed some 720 wells on gas-lift with 
provisions having been made for about 
700 additional wells. The number of 
wells on gas-lift during each of the 
last four years has been as follows: 


Number of 


wells on 
Month gas-lift 


October, 1936 . . . 285 
October, 1937, . . . 430 
October, 1938 . . . 520 
October, 1939 . . . 720 


More wells have been equipped with 
gas-lift in the East Texas field than 
in any other field in the world. 
Saxet, Texas. In the Saxet field 
numerous wells have been equipped 
with wire-line intermitters, and quite 
favorable results are being obtained. In 
the adjoining Corpus Christi field, 
straight gas-lift prevails on all wells 
in which heavy water encroachment 
has reached the wells. In some wells 


_ *“Warying Well Conditions Individualize Lift- 
aM by Brad Mills, Oil Weekly, February 12, 











A wire-line intermitter, 
Heyser field, Texas 





the water represents 99 percent of the 
fluid lifted, and yet with low-priced 
gas for lifting purposes, a slight profit 
is possible in wells that were completed 
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with 7-in. casing. Many of the wells 
in the water-invaded area that were 
completed with 5'/-in. casing have 
been abandoned, as sufficient fluid 
could not be produced through this 
size casing to make the operation prof- 
itable. 

McCampbell, Texas. The Mc- 
Campbell field is another field in the 
general Corpus Christi area that has 
recently been going to gas-lift. The 
south half of this field was opened 
about 18 months ago, producing from 
a depth of about 7100 ft. Allowables 
have been severely restricted, and low 
gas-oil ratios have been strictly adhered 
to insofar as possible and yet, due to 
the thin sand section, water encroach- 
ment has become serious, causing many 
of the wells to cease flowing naturally. 
The usual procedure is to install start- 
ing valves, and, when necessary, to use 
gas from outside sources, at pressures 
of 600 to 1000 Ib., inasmuch as the 
flow is, as yet, through the tubing. 
Tubing flow is very inefficient under 
these conditions. Most of the wells have 
been completed with 5'/2-in. casing, 
and the operators may encounter seri- 
ous difficulties soon because of these 
small casing diameters. 

Placedo, Texas. The Placedo field, 
Texas, has gradually been going to gas- 
lift during the last year or two. Usually 
kick-off valves are installed, and in 
most cases, it is only necessary to start 
the wells, after which they continue 
on natural flow sufficiently long to 
obtain the allowable for the day. The 
Greta sand in this field is very tight 
and the flow of oil into the well is 
slow; consequently it is necessary in a 
few cases to kick-off the wells only 
once per day to get the allowable. The 
White sand is more permeable than the 
Greta sand, and considerable quantities 
of water accompany the oil into wells 
drilled into this formation. Some of 
these wells are flowing naturally but 
others are producing on gas-lift. 

Hendrick, Texas. The Hendrick 
field in West Texas is one of outstand- 
ing interest from a gas-lift point of 
view. Wells here are producing to a 
maximum of about 20,000 bbl. of 
fluid per day, averaging as low as 2 
percent oil. With larger casings, very 
large quantities of fluid could be ob- 
tained by lowering the tubing below 
the point at which it is now suspended. 
The static level in the Hendrick field 
is 200 to 250 ft. from the surface, 
and the working fluid level is usually 
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Gas-lift plant in the Oklahoma 
City field 
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‘THE making of pipe is still an art that de- 
pends on the skill and experience of 


men. Equipment is important, of course, 
and that is why Youngstown continually 
provides the most advanced equipment 
for the industry. But dependable, uni- 
form quality in pipe is the result of 
genuine craftsmanship which is an art 
in itself. At Youngstown we have 
craftsmen who have been making 
oil country pipe for more than 30 
years. 


Youngstown’s pipe is distributed by: 
The Continental Supply Co., - - Dallas, Texas 
Continental Emsco Co., Inc., 30 Rockefeller Plaza, 
New York City 
Republic Supply Co. of Calif., Los Angeles, California 


Ask your distributor for Youngstown Pipe 
and Tubular Products - Sheets - Plates - Con- 
duit - Tin Plate - Bars - Rods - Wire - Nails - 
Tie Plates and Spikes 
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1200 to 1400 ft. from the wellhead.* 
The fluid head must be kicked-off, for 
which purpose kick-off valves are em- 
ployed. Formerly all wells were on the 
pump, but fluid levels were found to 
be so high that large capacity methods 
were found necessary, thus bringing 
gas-lift into play. One well is cited 
that produced 7500 bbl. of fluid to 
obtain 70 bbl. of oil, requiring 550,000 
cu. ft. of input gas per day at 450 lb. 
or 7860 cu. ft. of input gas per barrel 
of oil. 

South Ward field, Texas. Wells in 
the South Ward field are about 2600 
ft. in depth. A 7-in. casing is usually 
set at about 2200 ft., and a liner is 
then run. The working fluid levels are 
low, requiring the use of intermitters 
to produce the maximum quantity. 
Chamber methods of intermitting are 
included in the methods used. The 
wire-line method has made consider- 
able progress in this field. 

Iowa field, Louisiana. Water en- 
croachment has been severe in several 
of the salt dome oil fields of coastal 
Louisiana, and gas-lift is being em- 
ployed when the sand is highly perme- 
able. Gas-lift has been employed quite 
extensively in the Iowa field during 
the last two or three years; separators 
are elevated at many of the wells in 
order to reduce the back pressure to a 
minimum, inasmuch as greater quan- 
tities of fluid can be produced by this 
means, and lower water-oil ratios pre- 
vail because of the lower back pressure. 

Roanoke, Louisiana. The Roanoke 
field, Louisiana, has some wells on 
straight gas-lift producing large quan- 
tities of fluid. The depth of wells is 
about 8500 ft. and in one well about 


3**Gas-lift Practice in West Texas Fields,’’ by 
H. Lee Flood, The Petroleum Engineer, Janu- 
ary, 1940. 
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6000 bbl. of fluid is produced with 
2/2-in. tubing set at 3000 ft., using 
300,000 cu. ft. of input gas per day. 
The separators here are elevated in 
order to provide a gravity flow to the 
storage pits, from which the salt water 
is pumped into water disposal wells. 

Jennings, Louisiana. Air-lift was 
employed in the old Evangeline field in 
early years and descriptions of this 
practice are found in a book published 
in 1920.* Now known to many as the 
Jennings field, wells are being drilled 
around the salt dome at some distance 
down the flank, and considerable water 
is already accompanying the early 
drilled wells, and it seems very likely 
that the modern gas-lift will in time 
be employed here, 30 years or more 
after air-lift was first used in the shal- 
low cap-rock area of this field. 

Sulphur, Louisiana. Wells in the 
Sulphur field are being produced on 
straight gas-lift at depths of 3300 to 
5400 ft.° So far the work has been 
considered experimental in nature. To 
April 1, 1940, the total oil recovered 
by gas-lift amounted to 153,072 bbl., 
of which it is estimated that at least 
85 to 90 percent represents oil that 
would not otherwise have been recov- 
ered. For the period January, 1939, to 
April, 1940, the average water content 
of the fluid lifted was 96.2 percent, in 
ten wells in the Sulphur field. The 
average input gas-fluid ratio was 185 
cu. ft. per bbl. of fluid lifted, or 4870 
cu. ft. per bbl. of oil, with an oper- 
ating cost of 2 cents per M. cu. ft., 
which amounts to a lifting cost for 
gas of 934 cents per bbl. of oil. 


*Pumping by Compressed Air, by E. M. Ivens. 
— by John Wiley & Sons, New York, 


_ *““Experimental Gas-Lift at Sulphur Effective 
in Recovering Oil,’’ The Oil and Gas Journal, 
April 25, 1940. 


Wire-line intermitter installed in 


Ward County, West Texas 
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Cotton Valley, Louisiana. De- 
clining pressures have made it desirable 
to use gas-lift for some of the wells in 
the Cotton Valley field. The oil is 
flowed through 2'-in. tubing, and 
flow valves are employed to start wells 
that have ceased to flow because of the 
high fluid levels. Gas is available for 
this purpose at a pressure of 450 |b. 


Titusville, Pennsylvania. It is a 
long cry from the use of air-lift in 
1865 in the earliest Pennsylvania wells 
to the use of intermittent flow in wells 
not far from Titusville, Pennsylvania," 
at the present time. The chamber 
method of intermittent flow is em- 
ployed using 1'-in. tubing for the 
outer string, and 34-in. tubing for 
the eduction string. 

El Alto field, Peru. The depth of 
wells in the El Alto field varies from 
1400 to 2900 ft.® Initial production 
varies from 10 to 30 bbl. per day. 
Owing to very rugged topography, 
central powers are expensive to install 
and operate. Intermittent gas-lift is 
employed, using the chamber method. 
The outer tubing string is 1'-in. 
diameter and the inner tubing is 3/-in. 
diameter. The chamber must be of a 
diameter that will permit it to pass 
into the liner easily. The cycle interval 
varies from 15 min. to 2 hr., and gas 
injection varies from 20 to 90 seconds 
in each cycle. About 30 wells are pro- 
duced in the field by this method. 


California fields. Straight gas-lift, 
wire-line intermittent methods, and 
plunger-lifts are being successfully em- 
ployed in the Kettleman Hills field of 
California. A well on plunger-lift at 
a depth of about 8000 ft. is producing 
more than 500 bbl. of fluid per day 
at a rate of 2500 cu. ft. of output gas 
per bbl. of fluid. The casing pressures 
in this well range from 200 to 350 lb. 
per sq. in. A well on a wire-line inter- 
mitter producing from a depth of 
8500 ft. is yielding about 280 bbl. of 
fluid per day, at an input gas-fluid 
ratio of about 2100 cu. ft. per bbl. of 
fluid. 

Plunger lifts are employed in the 
Belridge, Coyote, Dominguez, Kettle- 
man Hills, Rosecrans, Santa Fe Springs, 
Seal Beach, Shiells Canyon, and Ven- 
tura fields of California, there being 


**Adopt Gas-Lift in Cotton Valley to Meet 
Declining Pressures,’’ by George Weber, The Oil 
and Gas Journal, June 8, 1939. 

™ Simplified Air-Lift Lowers Cost of Operat- 
ing,’’ by J. P. O’Donnell, The Oil and Gas Jour- 
nal, August 17, 1939. 

8**The Application of Displacement Pumping 
in Peru,’’ by John Henry, The Petroleum Engi- 
neer, November, 1939. 
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a total of 35 or 40 of these installa- 
tions. In the Shiells Canyon field at 
depths of 3500 to 4000 ft., the casing 
pressures range from 20 to 75 lb., and 
fluid production ranges from 40 to 
115 bbl. per day. In the Ventura Ave- 
nue field operating casing pressures 
vary from 80 to 300 lb. and produc- 
tion is from 45 to 175 bbl. of fluid 
per day. 

Foreign fields. Gas-lift continues 
to be employed in Roumania to some 
extent. An outstanding example of 
straight gas-lift is one in which a well 
has produced 2,500,000 bbl. during 
the last eight years, and is producing 
about 400 bbl. per day at the present 
time. 

In Venezuela, of a total of 2492 
wells, there were 122 wells producing 
on gas-lift at the end of 1939. Straight 
gas-lift, plunger-lift, wire-line inter- 
mitters, and other types of intermit- 
tent flow are employed in the Vene- 
zuelan fields. 

In Trinidad, according to the last 
report, there were 183 wells on gas- 
lift from a total of 1170 producing 
wells. The methods used include 
straight gas-lift, air-lift, plunger-lifts, 
displacement, and intermittent gas-lift 
methods. 


"Kick-Off" Valves 


During the present period of re- 
stricted production there arises the ne- 
cessity of closing-in wells from time 
to time. In some instances, the allow- 
able is obtained in a period of only a 
few hours, possibly in a few minutes, 
particularly in the East Texas field, 
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and in many of these wells water en- 
croachment and lack of sufficient reser- 
voir pressure have brought about a con- 
dition under which the wells will not 
resume natural flow. In these instances, 
“kick-off” valves and “flow” valves 
have come into rather extensive use 
for starting the wells. Many of these 
wells will continue on natural flow 
after being started, but others require 
the use of extraneous gas to maintain 
the flow. 


Intermittent Flow 

It is difficult to estimate accurately 
the total number of flow valves in op- 
eration as the valves are below ground 
and there is nothing on the surface by 
which the casual observer can distin- 
guish wells so provided. The wire-line 
type of “kick-off” valve and inter- 
mitter can be readily spotted on the 
surface and, therefore, it is easier to 
locate and summarize this type of in- 
stallation. 

At the present time there are about 
900 wire-line “kick-off” valves and in- 
termitters employed in East Texas, 
South Texas, West Texas, Louisiana, 
New Mexico, Oklahoma, California, 
and Trinidad. South Texas alone ac- 
counts for 250 to 275 of these instal- 
lations, Louisiana for 170, West Texas 
has over 150, East Texas has 135, and 
Central Texas uses some 100 of these 
installations. Some examples of wire- 
line intermitters are given in Table 1. 

An approximate figure for input 
gas-fluid factor for intermitting by 
wire-line intermitter is about 200 cu. 


ft. per bbl. per 1000 ft. of depth, with 
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water contents averaging as high as 
25 percent. In some cases, particularly 
where the natural formation ratio js 
fairly high, the input factor has been 
reduced to 110 cu. ft. per bbl. per 
1000 ft. 

Under low percentages of submer- 
gence, the use of intermittent flow is 
more economical in the consumption 
of compressed gas than is straight gas- 
lift, and under conditions of very low 
submergence, a larger quantity of fluid 
can be produced per day than on 
straight gas-lift. In such cases there 
seems to be a considerable field for 
the use of intermittent flow methods 
when gas-lift plants have already been 
installed and have been employed in 
straight gas-lift operations, and espe- 
cially in fields where gas from a gas well 
is available at low cost. The two 
methods of intermittent flow in more 
general use at the present time where 
maximum production is not required 
are the chamber method, and the wire- 
line intermittent method in which the 
flow is made from a high point in the 
tubing. The wire-line method is also 
used for intermitting with a chamber 
employed at the bottom of the well. 

The use of the wire-line intermitter 
has increased considerably during the 
last two years, and under conditions 
of restricted production it would seem 
to have a useful future. The fact that 
one type of wire-line intermitter can 
be employed as a “kick-off” unit, for 
intermitting high in the fluid column 
under restricted allowables, and for in- 
termitting with a chamber, adds to its 
effectiveness. 

Study of ‘Kick-Off’ Operations. 
A more scientific application of “kick- 
off” valves and “flow” valves is grad- 
ually being worked out, and this should 
add to the effectiveness of their use in 
wells that require this type of han- 
dling.® It appears that the first ‘“‘kick- 
off” must take into consideration the 
pressure necessary to displace the fluid 
from the casing into the tubing, but 
after the fluid has been lowered below 
the first few valves it is necessary to 
consider primarily the differential pres- 
sure required in the valve setting in 
order that the gas may reach the next 
lower valve before the upper valve 


**Flow Valves in Gas-Lift,’’ by C. E. Tweedle, 
International Oil, April, 1940. 


(Continued on Page 60) 





A well on straight gas lift in Roanoke 
field, Louisiana 
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(Continued from Page 56) 
closes, through which the gas has just 
been entering the tubing. 


Casing Sizes 


There is a growing recognition of 
the advisability of studying the size of 
casing best adapted to wells as they are 
drilled; it is also very important to 
reduce the cost of completing a well 
to the minimum. The operator, there- 
fore, is approaching the use of larger 
diameters with a great deal of caution. 
The cost of drilling, the additional 
cost of larger sizes of casing, and the 
greater danger of blowouts in a large 
hole when drilling a wildcat, make it 
advisable to keep casing sizes for ex- 
ploratory work at a safe limit. After 
the field has been explored to some 
extent and a preliminary idea is at 
hand as to sand thickness, porosity, 
permeability, quantity of fluid to be 
handled, etc., the operator is in a bet- 
ter position to determine whether it 
will pay to use large casing strings. 

In many deep fields, especially in the 
Gulf Coast, the oil is followed by large 
quantities of water, and it becomes 
necessary to lift large quantities of 
fluid in order to obtain sufficient oil 
to make operation profitable. If the 
well is deep and casing sizes are small, 
so far as present known artificial lift- 
ing methods are concerned, the oper- 
ator will find it difficult to conduct 
profitable operations and, in following 
the line of least resistance, will pre- 
maturely abandon wells as being too 
costly, thus resulting in a reduced ulti- 
mate recovery. 


In deep wells with small casing sizes, 
well jobs are more difficult to handle 
through the restricted openings. In the 
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Oklahoma City field, in wells having 
small casings, as much as one or two 
months operating time has been lost 
en fishing jobs that might have been 
unnecessary if large casings had been 
employed. This prolonged down-time 
resulted in a loss of 5,000 to 10,000 
bbl. of oil, besides an expenditure of 
$5,000 to $10,000 in doing the work. 
It thus seems inadvisable to invite 
trouble in wells that have a potential 
ultimate recovery of 500,000 to 1,- 
000,000 bbl. per well by endeavoring 
to save perhaps $10,000 by using small 
casing sizes. Many operators in the Ok- 
lahoma City field are now fully aware 
of the dire consequences of this pro- 
cedure. 


In the deeper fields, particularly 
along the Gulf Coast, where it may 
become necessary to lift large quan- 
tities of fluid, and where gas is often 
cheap, it is obvious that gas-lift is, in 
many cases, the most satisfactory 
method that can be employed. If, how- 
ever, the casing is small, and the well 
deep, an efficient use of gas-lift is im- 
possible, and the operator will be com- 
pelled to abandon the well prematurely. 
This has been the case at Corpus 
Christi where the depth is only 4100 
ft. What then can be expected in the 
McCampbell field where 5'/,-in. casing 
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is employed in wells completed at 
depths of 7100 ft. or more? 


Cost of Gas 


In order to derive the maximum 
benefit from gas-lift, particularly 
where cheap natural gas is not avyail- 
able, it is necessary to reduce the cost 
of compression to a minimum. A care- 
ful study of the situation may reveal 
the fact that although gas under pres- 
sure of 50 to 200 lb. can be obtained, 
which is too low for direct use in the 
well, it can be boosted economically by 
a compressor to the necessary pressure 
for flowing the wells. In such cases, 
the installation of a compresor plant 
can be made at surprisingly low cost. 
Even with intake pressures of only zero 
to 5 lb., operating costs of compres- 
sion can be held at 1 cent or less per 
M. cu. ft., as has been the case in 
some of the plants in the Oklahoma 
City field. With gas available at low 
cost, the outlook for profitable pro- 
duction assumes a very different aspect 
than when gas can only be obtained at 
not less than 5 to 10 cents per M. cu. 
ft. 





Gas-Lift Investigations 


A valuable method of approach to 
the study of the conditions affecting 
the selection of the different types of 
gas-lift methods was presented before 
the American Petroleum Institute last 
year.'” This study was based largely 
on the operating results obtained 
through 2'- and 3-in. tubing in the 
Dominguez, Long Beach, Kettleman 
Hills, and Santa Fe Springs oil fields 
in California. Curves were presented 
showing the required pressures for flow- 
ing a given quantity of oil and gas, 
and indicating the probable set of con- 


ditions under which straight gas-lift, 


plunger-lift, or intermittent flow are 


adaptable. 





<The Range of Application of Gas-Lift Meth- 


ods,’’ by E. C. Babson, Drilling and Production 








Practice, 1939, A.P.1. 
TABLE | 
Representative installations of wire-line intermitters 
| é Production, bbl. per day Input gas-fluid 
Total | Producing ratio, cu. ft. 
Area depth, depth, | Total Net per bbl 
Nae a ft. ft. | fluid oil 
Winkler County, Texas... . 3120 “815 ea 20 20 90° ae 
Fast Texas. ..... 3664 1800 24 21 330 
Rodessa : A 6105 6080 160 97 1500 
Jal, New Mexico. .. 3469 3465 46 46 410 
California. . , 8900 8500 280 200 2100 
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Developments In Production Practice 


In California 


IL PRODUCTION in California 

has been stabilized to a marked 
degree during the last year. This is de- 
spite a greater potential and an in- 
creased number of producible wells. 
Credit for this condition must go to 
the operators as it is the result of the 
voluntary curtailment program put 
into effect during May, 1939. Only a 
few producing areas have been discov- 
ered during this period, however, and 
the total known reserves of the state 
have increased but little over those esti- 
mated for the same time last year, these 
reserves still being a little more than 
three billion barrels. Oil produced dur- 
ing the last 12 months has thus been 
somewhat more than offset by the ad- 
ditional reserves supplied by the new 
fields and extensions in older areas. 
From a production control standpoint 
the oil industry of California is in a 
better condition than it was a year ago 
although a decrease in development 
drilling of proved fields would be fa- 
vorable to existing producing wells. It 
is generally conceded, however, that 
additional reserves should continue to 
be sought; and this means that wildcat 
drilling cannot be allowed to decrease. 
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Four new fields have been brought- 
in during the year ending June 1, 
1940. Although one well had been 
drilled in the Coalinga Northeast area 
prior to June 1, 1939, this field can 
be considered new; certainly it has re- 
ceived much attention recently. Pro- 
duction is from Eocene formations and 
the field is a separate structure having 
a productive area of probably as much 
as 1500 acres. Well depths range from 
7800 to 8300 ft., some wells being 
completed a little higher or lower than 
these depths The casing programs in 
general include 1134-in., 1234-in., or 
1334-in. surface pipe cemented at ap- 
proximately 600 ft.; 7-in. or 85-in. 
casing at from 7800 to 8200 ft., de- 
pending on the depth to top of sand, 
and 5-in. or 5¥4-in. liner, either per- 
forated opposite the oil sand or ce- 
mented solid and then gun-perforated 
for production. 


The Coalinga Northeast field lies 
east of the northern end of the older 
Coalinga fields and north of the East 
Coalinga Eocene field or Coalinga Nose, 
which has been rapidly developed dur- 
ing the last year. The general positions 
of the various areas around Coalinga 


are shown in an accompanying sketch. 
The East Coalinga Eocene field is a 
separate structure and the name ‘‘Coa- 
linga Nose” sometimes applied to it is 
an inaccurate description. 

The Strand field lying just north 
and east of the Canal field was discov- 
ered by Tide Water Associated Oil 
Company in June, 1939. This is a 
small field with a productive area of 
approximately 300 acres. Wells are 
completed in the Miocene formations 
at depths slightly more than 8300 ft. 
The general casing programs include 
1134-in. or 133%-in. surface pipe ce- 
mented at approximately 1000 ft.; a 
string of 7-in. casing cemented at ap- 
proximately 8200 ft.; and 5-in. liner 
with perforations opposite the produc- 
ing zone. 

Just south of the Mountain View 
field is the Arvin area and adjacent to 
the Mountain View structure is a small 
structure known as Mountain View- 
South. This field, covering little more 
than 100 acres, was discovered by 
Standard Oil Company and has been 
developed with wells ranging in depth 
from 6000 to 6400 ft. Production is 
from the Pliocene and the structure is 
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monoclinal, sealed by faults. The cas- 
ing program consists of 1134-in. or 
133g-in. surface pipe cemented at 
about 1000 ft.; 8%-in. casing ce- 
mented at depths of 5800 to 6100 ft.; 
and 6%-in. liner with perforations 
opposite the productive zone. 

Only one well has been completed 
in the Paloma field situated 15 miles 
southwest of Bakersfield. This well was 
drilled by Western Gulf Oil Company 
and completed at a depth of 10,175 ft. 
in September, 1939. Production is from 
the Miocene; the upper part of the 
present producing zone is a gas sand. 
The oil is of high gravity, being above 
50 deg. A.P.I. The casings in this well 
are 1220 ft. of 135-in. and 9997 ft. 
of 7-in. A 202-ft. string of 534-in. 
liner, containing 116 ft. of perfora- 
tions, was landed at 10,175 ft. Two 
more wells are now drilling but no esti- 
mate can yet be made of the field’s 
productive area. 

In addition to the increased produc- 
tive capacity of the State resulting 
from the development of new fields, 
the total has been considerably aug- 
mented by the extensions to several of 
the older fields. More wells were com- 
pleted in the Wilmington-Long Beach 
Harbor area during the last year than 
in any other field and the productive 
area has been extended to a present to- 
tal of approximately 4500 acres. The 
Montebello field has not only been ex- 
tended in area but deeper sands have 
been developed. Ventura Avenue has 
been extended to both the north and 
east with wells now being completed 
to depths as great as 11,000 ft. The 
maximum sand thickness in this field is 
3000 ft., which is the greatest of any 
field in the State. Other extensions 
have been in the Cole’s Levee, Tupman, 
East Coalinga Eocene, and Wasco 


fields. 
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The total potential of California 
fields has also been increased by the 
regular development of the proved 
acreage in many fields such as Rio 
Bravo, Greeley, Kettleman Hills, etc. 
Due to a gas zone above the deeper 
oil-producing formations in the West 
Montebello field, a conservation order 
was issued to prevent waste of this gas. 
Under the formula devised for gas 
conservation the oil production of the 
field is, at the present time, less than 
the allowable established by the umpire 


for voluntary oil curtailment. 


The voluntary curtailment method 
established about a year ago was based 
cn past experience; its objective is to 
maintain production control that is 
simple and uniform in application. 
After its inception the total over-pro- 
duction for the State declined consid- 
erably and has remained at a low fig- 
ure during the last year. During the 
last six months the average daily pro- 
duction has ranged between 602,000 
and 613,000 bbl. per day. More oil 
than the present 592,000 bbl. per day 





allowable is thus still being produced 
but it is expected that this overage 
will gradually decrease. 


The curtailment formula now in 
effect takes into consideration (1) a 
graduated minimum allotment based 
on the depth of the well; (2) a re- 
maining allotment derived by applying 
a power factor to the remaining po- 
tential of the well, which is the dif- 
ference between the well’s potential 
and its minimum allotment, and (3) 
a top allotment for the larger wells 
that varies with the demand or outlet 
for oil. 

The graduated minimum depth al- 
lotment has remained unchanged for 
some time and it was the intention to 
have this as a more or less fixed min- 
imum. The power factor, on the other 
hand, is set for each month’s alloca- 
tion in order to make the State quota 
equal the demand or outlet. The top 
allotment has also been changed and 
all changes so far have been downward. 
The combination of the three items is 
adjusted each month and the allow- 
ables determined by these factors is 
sent to each operator on a single sheet 
from which he can tell what any well 
of known depth and potential may 
produce. The total lease allotment is 
the sum of the allotments for all wells 
on the lease; this total may be pro- 
duced in any way desired. 


At a recent meeting of the Central 
Committee of California Oil Produc- 
ers, through which organization the 
curtailment is administered, certain 
modifications of the curtailment for- 
mula were proposed. The plan pre- 
sented does not deviate from the fun- 
damentals of the present formula but 
aims toward a gradual revision during 
the rest of 1940 by the following three 
proposals: (1) A gradual reduction in 
the minimum depth allotment; (2) a 
reduction in the remaining allotment 
by changes in the power factor, and 
(3) continuation of reductions in top 
allotment. This provides for a change 
in all three items of the formula in- 
stead of only the power factor and 
maximum allotment. It gives greater 
weight to the potential and less to 
depth and thus will cause an appre- 
ciable redistribution of the total State 
allotment. It is estimated that new 
completions will require a further al- 





Surface connections of a well in the 
Rio Bravo field, California, flowing 
from 11,500 ft. A recording 
gauge is used to record the 
pressures on the tubing 

and casing 
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lotment of 12,000 bbl. daily as addi- 
tions each month and as no increase in 
the State’s allowable is expected, the 
trend of allowables for individual wells 
is definitely downward. 


Production Methods 


At the present time there are approx- 
imately 18,850 wells in California ca- 
pable of producing oil. Of this number 
more than 15,000 are actually produc- 
ing, but nearly 90 percent of these are 
being pumped. With but few excep- 
tions, wells producing from zones 


random. It will be noted some wells 
are kept at the allowable but others 
flow in excess of the allowable for a 
time and are then shut-in for periods 
to meet curtailment requirements. In 
Kettleman Hills some wells are on gas 
lift and others are being pumped. 
Gas-lift operations at Kettleman 
Hills are mainly carried on with the 
use of patented intermitter devices for 
control of flow. Although gas lift is 
employed in various fields throughout 
the State the greatest number of wells 
being flowed by gas injection is in the 




















TABLE | 
; Depth, Production, Bean, Tubing Casing 
Field Date ft. bbl. per day | fraction of pressure, pressure, 
inch Ib. per sq. in. | Ib. per sq. in. 

Rio Bravo..............20005 5/4/40 11,470 | 178 8/64 1725 1850 
ene 3/2/40 11,530 187 8/64 1475 1625 
PD cc s0ss0cceneeewe 5/18/40 9,175 | 182 8/64 1200 1650 
RS sis we casei mae oe ‘ 5/4/40 13,139 560 8/64 990 1210 
East Coalinga Eocene........ 4/14/40 8,063 | 185 8/64 1050 1225 
Coalinga Northeast........... 3/30/40 8,285 | 177 8/64 1160 1450 
Kettleman Hills........... 5/11/40 8,075 903 24/64 1850 1690 











deeper than 10,000 ft. are still flowing 
naturally. The top production allow- 
able for these deep flowing wells hav- 
ing potentials of 2000 bbl. per day or 
more was 250 bbl. per day in June, 
1939, but was gradually reduced to 
178 bbl. per day by April, 1940. 
The actual flow of wells in some of 
the deeper fields is indicated in Table 
1, compiled from records taken at 
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Los Angeles Basin. With deeper and 
deeper wells ceasing to flow naturally, 
gas lift is utilized for lifting the oil in 
such wells so long as conditions make 
this method of production advisable. 

In several fields, such as Kettleman 
Hills, Montebello, and the Eocene 
fields around Coalinga, gas zones above 
the oil-producing formations have been 
utilized to flow the oil, controlled in a 
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manner that has conserved the gas sup- 
ply. This is being done with bottom- 
hole chokes placed in the tubing string 
opposite a gas zone that has been sepa- 
rated from the oil below by a packer 
placed in a blank section of the casing 
or liner, cemented between the two 
zones. The gas enters the tubing 
through the choke and lifts the oil 
flowing from below. In some cases 
the oil itself is “beaned” through an 
orifice in the bottom of the choke be- 
fore the gas is admitted to it. This re- 
duces the pressure differential through 
the surface beans. 


These chokes or flow controls are 
run into the well on small wire lines 
and set in choke nipples made-up in 
the tubing when the string is run. 
They are removable and the size of 
openings can be changed to meet 
changing conditions either when 
withdrawn from the hole as in one 
type, or while in place in the tubing 
as in another design. In some cases 
flow controls have been used without 
packers to facilitate gas-lift operations. 


During the last year, means other 
than gas lift have been found neces- 
sary for lifting the oil from ever- 
increasing depths and installations of 
rodless pumping methods have greatly 
increased. 

The deepest well yet to be pumped 
is Allied Petroleum Corporation’s well, 
Allied No. 34, at Signal Hill, on which 
a hydraulic pump has just been in- 
stalled. This well was completed at a 
total depth of slightly more than 10,- 
500 ft. and was expected to flow. 
When natural flow did not result, the 
hydraulic pump was installed, the 
pump itself being set at a depth of 
9700 ft. At the time of writing the 
well has not yet cleared itself but is 
pumping slightly more than 200 bbl. 
of oil per day, the water content of 
which is decreasing. The power oil is 
electrically dehydrated for the time 
being but the company expects the 
production to be so clean that such 
treatment later will not be necessary. 
The volume is also expected to increase 
but at present the operation is in a 
more or less experimental stage. 

Another deep well that has been 
produced for some time by a hydraulic 
pump is a well in the Tupman field 
that was completed at approximately 





Portable derrick for pulling tubing, 
used in some of the Los Angeles 
Basin fields. It has been handling 
more than 8000 ft. of 3-in. tub- 

ing and its capacity is prob- 

ably much greater 








A recent addition to this plunger-lift 
hookup is the regulator that can be 
seen to the right in the photo- 
graph. This cuts-off the flow of 

gas while the plunger is 

dropping to bottom 

















and is being used for the tubing job. 
Strings of 3-in. tubing longer than 
8000 ft. have been easily handled by 
this derrick, which is collapsible and 
may be transported from well to well 
by truck. As indicated in the photo- 
graph, the derrick when set-up leans 
about 4 ft. toward the wellhead; the 
portable hoist used for handling the 
pipe is placed on the opposite side, how- 
ever, so that the tipping effect is offset 
and full advantage of the overhang is 
obtained. 


A new method being tried at Rose- 


crans is to put the plunger-lift shoe 
on the tubing when it is run for gas 


9300 ft. and in which the pump is set 
at 9050 ft. At this installation there 
are two gas engines in service, one 
driving the triplex pump for pumping 
the power oil and the other serving to 
pump oil to storage. This oil has to be 
treated and the usual wash tank is used 
for the power oil. 


There has been an increase in the use 
of hydraulic pumps in various fields 
throughout the State. In many cases a 
multiple installation is used in which 
a number of wells receive power oil 
from a central location. In Ventura 
Avenue field, for instance, ten wells 
are produced in this way. A trend has 
been noted, when deep wells are being 
pumped, to the use of a ratio pump. 
A larger diameter piston on the engine 
end and smaller diameter piston on the 
pump end provides a lower pressure on 
the macaroni string and permits more 
oil to be pumped. This is sometimes 
reversed on shallow wells when there 
is a large volume of oil and not much 
head to overcome. 

Although plunger-lift installations 
are more numerous in the Los Angeles 
Basin fields, the deepest well being pro- 
duced by this method is at Kettleman 
Hills. This well is producing from a 
depth of 8200 ft. The most interesting 
work with plunger lift has, however, 
been done in the Dominguez and Rose- 
crans fields) The company using 





Surface equipment for hydraulic 
pumping of a 10,500-ft. well in 
the Signal Hill field 


plunger lift in these fields generally 
flows the wells by gas lift through 
2'-in. tubing so long as this method 
is expedient. This tubing is then re- 
placed with 3-in. tubing when the 
plunger lift is installed. The portable 
derrick shown in an accompanying il- 
lustration has recently been designed 


lift; then when ready for plunger-lift 
operation the plunger is dropped-in 
and the necessary surface connections 
made. The company following this 
practice is also using unreamed tubing 
in some instances for the plunger-lift 
operations. All connections must be 
concentric for this purpose and the 
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tubing must be tested with a feeler. 
A feeler 2.945 in. in diameter is em- 
ployed when a 2.940-in. plunger is to 
be used. 

When tubing for plunger lift is run 
under pressure an anchor coupling is 
placed on bottom with a cast-iron disk 
at the top of the lowest joint of tub- 
ing. This eliminates the necessity for 
killing the well. The disk is broken 
when the tubing is in place and the 
well put on production. Pressure bombs 
can be run while the well is in this 
condition. When the plunger lift is to 
be used a removable foot piece is set 
in the anchor coupling. The latest 
surface hook-up to be installed is made 
with a flange connection below the 
plunger-lift surface equipment and a 
gate is installed below the flange. 

Another innovation at Rosecrans is 
the use of a regulator with the plunger- 
lift hook-up as illustrated in an accom- 
panying photograph. This regulator re- 
duces the gas flow into the well by 
shutting-off the gas for two minutes 
while the plunger is dropping to bot- 
tom. During the time the plunger is 
dropping to bottom the gas acts either 
as a gas lift or is totally ineffective. In 
this well the gas during this time has 
been of no benefit and by using the 
regulator, gas has been saved. 

Another type of rodless pump that 
has been tested during the last year is 
the electrically driven, hydraulically 
powered, reciprocating pumper operat- 
ing a conventional oil-well pump. Al- 
though this pump has not yet been 
used for deep wells it appears from its 
performance that it is adaptable to 
such service. 


Roster of New Synthetic Rubbers Grows 
More Self-Sufficient 


UNA N, buna S, ameripol, butyl, 

neoprene, thiokol, koroseal, 
chlorex, vinyon—these comprise only 
a limited roster of the successes of 
American scientists in devising meth- 
ods of utilizing home-produced raw 
materials to make synthetic rubber and 
rubber-like materials. 

Utilizing petroleum, natural gas, 
coal, limestone, and air, America in 
1940 appears to be approaching both 
independence from foreign sources for 
rubber, one of its most necessary raw 
materials, and the assurance that 
whenever a declining supply, or eco- 
nomics require, the change-over rap- 
idly can be made, according to a re- 
lease of the American Petroleum 
Institute. 

For the mass production products, 
tires and inner tubes, the synthetic 
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Sand Protection 


The pre-packed gravel liner has been 
used in installations where sand is like- 
ly to become troublesome during pro- 
duction. This type of gravel-packing 
has always been particularly advan- 
tageous when more than one zone 
required the protection of gravel 
around the liner but its use has now 
spread to areas where only one sand 
has to be gravel-packed. Although the 
greatest number of applications is still 
in the Wilmington-Long Beach Har- 
bor district, the pre-packed liner has 
been installed to some extent at Poso 
Creek, in the Fellows district, and at 
Santa Barbara, Torrance, Huntington 
Beach, and Signal Hill. 

In the Wilmington area several wells 
have recently been completed with pre- 
packed liners through the Tar, Ranger, 
and Upper Terminal zones, the blank 
sections of liner being cemented be- 
tween the zones. In many wells the 
Ranger alone is gravel-packed and in 
some cases the gravel has been placed 
by the reverse circulation method 
around the liner after it has been 
landed in the hole. When 43/-in. liner 
is to be run through 7-in. casing and 
is to be gravel-packed by reverse cir- 
culation after being set, the hole be- 
low the 7-in. string is wall-scraped to 
10% in. This gives a thicker gravel 
pack than does the pre-packed liner 
and when larger strings are run, the 
enlargement of the hole below the 
water string is correspondingly greater. 
This is considered advantageous by 
some operators, several of whom wall- 


scrape the hole to even greater propor- 
tionate diameter. 

Several wells in the Wilmington 
field have been gravel-packed with 
pre-packed liners through the Upper 
Terminal Zone and with the conven- 
tional reverse circulation method 
around the liner after it has been set 
through the Ranger. Slant wells drilled 
below the river in Long Beach Harbor 
are generally gravel-packed through 
the Ranger only, using pre-packed 
liners for this purpose. 

Clearances when using pre-packed 
liners are kept as small as consistent 
with assurance of getting the liner 
down without trouble. When the pre- 
packed liner is run through 85%-in. 
casing, the hole is generally from 9 to 
914 in. in diameter. The O.D. of the 
retaining screen on 5'44- or 534-in. 
liner is 71% in. 

Considerably more attention is now 
being given to the size of gravel to be 
used. Although the difference in size 
may be very small there is definitely 
a most desirable size of gravel for the 
particular formation to be gravel- 
packed. This applies to pre-packed 
liners as well as to wells that are 
gravel-packed after the liner is run. 
Many companies are now running an- 
alyses on the formation sand and are 
determining the size of gravel to use 
in accordance with the data obtained 
from the analyses. In general, the size 
of gravel now employed is smaller 
than formerly used as it is selected 
with greater consideration for the 
duties it must perform. 





rubbers which use petroleum as a raw- 
material base, seem to offer the lowest- 
cost, large-quantity production possi- 
bilities. These petroleum-base rubbers, 
the two bunas, ameripol, and butyl, 
all have been reported as commercially 
practicable in this country since the 
beginning of 1940. 

The other synthetic rubbers, most 
of which have been marketed for a 
number of years, usually start with 
natural gas or coal. So far they have 
been substantially higher in price than 
natural rubber, but the great advances 
in quality that they permit in the 
manufacture of many rubber special- 
ties with specific qualities already has 
built up a large market. 

Whatever process or processes finally 
becgme established as most practical 
and economical, the United States has 


to Make America 


been assured that within relatively a 
few months the plant facilities re- 
quired to make the 600,000,000 Ib. of 
rubber annually consumed could be 
built and put in operation. Many of 
the technical kinks have been worked 
out in pilot plant operation. Several 
companies already have gone into lim- 
ited commercial production on the 
petroleum-base synthetic rubbers, 
which apparently will be the ones to 
take over the large-volume rubber uses. 

Currently available supplies of the 
petroleum hydrocarbons most useful 
as starting points for the manufacture 
of synthetic rubber—benzene, ethy- 
lene, and butadiene—are of such mag- 
nitude that it has been estimated pro- 
duction readily could reach more than 
200 times the current consumption of 
rubber in the United States. 
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Improved Technique in Measuring, 
Sampling, and Testing Crude Oil 
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ATING from the early days in 

Pennsylvania when the oil pro- 
duced from the first wells was pumped 
into wooden hogsheads and hauled by 
wagon to the nearest “refinery,” gaug- 
ing of oil volumes at the time of 
transferring ownership of the oil has 
been an operation of most vital con- 
cern to the petroleum industry. Unfor- 
tunately, until in comparatively re- 
cent years, little thought was given 
to the type of personnel engaged to 
do the work of gauging or to the 
equipment and methods by which the 
gauging was to be accomplished. 

Many in the industry today are un- 
aware of the improvements that have 
been made in the technique of gauging 
or of the stringent requirements that 
have been set-up by nearly all oil com- 
panies, large and small. 

Perhaps the best way of reviewing 
the present high standards that now 
govern gauging practice is to outline 
and discuss the more important pres- 
ent-day conceptions of the type of 
man who should be selected as a gauger 
and of the methods by which the work 
may be done accurately and quickly. 


The Field Gauger 


Too much cannot be said on the 
subject of picking the right type of 
man to represent the oil purchasing 
company as a field gauger. 

A vice-president of one of the major 
companies once made the remark that 
“the field gauger is the foundation of 
the purchasing company and extreme 
care should be exercised in placing a 
man on the job who is definitely quali- 
fied to assume the responsibilities that 
the position requires.” 

The district gauger has a position of 
trust and should be capable of realiz- 
ing the importance attached to his 
task of measuring, sampling, and test- 
ing crude oil in the field. As a repre- 
sentative of the crude oil purchasing 
company he should remember that his 
actions and deeds in daily life in many 
cases are the only means the producing 
company has of judging the company 
he represents. 

The assistant gauger is a district 
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entered the employ of the Pipe Line 
Department of the Prairie Oil and 
Gas Company in Illinois in Febru- 
ary, 1910—Spent eight years with 
Prairie as telegraph operator, oiler. 
and stationary engineer—Was a 
radio operator in the United States 
Army for two years—For the last 21 
years he has been employed by the 
Magnolia Pipe Line Company as 
gauger, chief gauger, superintendent 
of gaugers, and general superintend- 
ent of the Central Division with head- 
quarters in Dallas, Texas. 























gauger in the making and a man should 
not be considered for such a job unless 
he has the necessary requirements for 
a district gauger’s job or higher. He is, 
just as the name implies, an assistant 
to the district field gauger, who has 
too much territory for one man to 
cover, yet hardly enough for two sepa- 
rate districts. The assistant gauger re- 
lieves the district gauger during vaca- 
tions, sickness, or other leaves of ab- 
sence, thus qualifying himself to 
handle a district when the opportunity 
presents itself. 

The relief gauger relieves the assist- 
ant gauger or, in cases where there is no 
assistant, relieves the district gauger. 
Thought should be given to the selec- 
tion of men for the position of relief 
gauger, for it is from these ranks that 


Division Superintendent, Magnolia Pipe Line Company 


the more important positions will be 
filled as vacancies occur. 


Transportation 


Each gauger, assistant gauger, and 
relief gauger is either required to sup- 
ply his own transportation for which 
he is paid on a mileage basis, or, in 
some instances, is assigned a company 
car in which to reach the leases. In the 
back of this car the measuring, 
sampling, and testing equipment is 
mounted, being a small laboratory 
within itself. An accompanying pho- 
tograph shows the rear view of a 
gauger’s car and the general arrange- 
ment of the equipment. 


Equipment 


The equipment supplied each gauger 
should be of the best type available and 
should include the following items: 


1. Gauge line 

Thief 

Thermometer, including case 
Hydrometer, including case 
Test can for composite samples 


Hand or electric centrifuge 


Centrifuge tubes (either A.P.I. or 
A.S.T.M.) 


8. Bath thermometer 
9. Hot water heater 
10. Test-by-sight glass 
11. Equipment case 
12. Seal carrier 

13. Electric lantern 
14. Rack. 

Each man is expected to be respon- 
sible for his own equipment and this 
requirement usually results in greater 
interest being shown by the individual 
in keeping the equipment in first-class 
shape. 


Improvement in Methods 


The methods of measuring, sam- 
pling, and testing crude oil have 
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greatly advanced during the last 15 to 
20 years due largely to development of 
the American Petroleum Institute Code 
No. 25 that sets a standard for this type 
of work. 

During formulation of the code, 
the gaugers in the field with various 
companies worked faithfully to give 
the members of the several committees 
all the information requested and in 
addition suggested many thoughts and 
ideas on which the A.P.I. code was 
actually founded. 

In order that this code may pro- 
gress and continue to be of value, a 
gauger should make every effort to 
submit to his chief gauger or super- 
intendent of gaugers one new idea 
every ninety days or four a year. The 
chief gauger should thoroughly check 
every idea submitted, as one of them 
may be just what he has been needing 
to obtain improvement as a whole in 
his division. The information should 
then be passed on to a member of the 
A.P.I., who you will no doubt find 
right in your own company and who 
will be glad to present the ideas to the 
chairman of the committee for his con- 
sideration or to notify the secretary of 
the A.P.I. Production Division, who 
will see that it reaches the proper com- 
mittee through regular channels. 


Routine 


The following routine is recom- 
mended for those gaugers who desire 
to improve their present method of 
measuring, sampling, and testing crude 
oil. On first thought you will say the 
system is entirely too detailed and com- 
plicated, but after checking it closely, 
you may find it involves the very 
things you are now doing, perhaps in 
a more or less haphazard way. You 
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will actually find that this routine 
takes less time, requires the fewest 
possible movements with both hands 
and, in general, speeds up your work. 


The following procedure is used on 
the “turn-on”: 


1. As tanks are approached, stop the 
car a sufficient distance from the 
battery so that you are out of 
gas area. 


2. Set brakes if car is on uneven 
ground. 


3. Raise cover of rear compartment 
to gain access to equipment. See 
that arm locks are in upright po- 
sition and locked securely. 


4. Carry equipment case in the right 
hand, using the other hand to best 
advantage for safety. 


5. Inspect tanks from left to right 
as you face pipe-line connection. 


6. Set equipment case to the right 
of the gauge hatch at a 45° angle. 


7. Remove caps from the hydrom- 
eter and thermometer cases, and 
place caps under cases, to avoid 
their being misplaced. 


8. Run gauge line and record first 
measurement. 


9. Recheck first measurement. 


10. Using a bit of waste or rag, wipe 
off gauge line as it is removed 
from the hatch. 


11. Place gauge line and bob back in 
the equipment case. Always dis- 
connect bob. 


12. Take thermometer from case with 
left hand, loosen marked cord, 
and lower thermometer into tank 


Rear view of a gauger's car showing 
the general arrangement of 
equipment 





13. 


i>. 


20. 


until it is suspended at the mid- 
point of the total depth of oil. 
Fasten cord securely and allow 
time for thermometer to assume 
temperature of the oil. 





Take thief from case with left 
hand on spring, place over hatch. 





Pull out thief cord or chain with 
right hand, laying it on the tank 
deck at the right side of the 
hatch. 


With left hand on spring, push 
opener down with left thumb, 
and “‘set” the thief open with left 
hand as the bail is held in the 
right hand. 


Reversing so that bail is held in 
left hand, fasten snap on trip 
with right hand. The cord or 
chain should be marked or flagged 
so that sample from required 
level can be obtained. (For com- 
posite test, three or more equal 
samples are obtained: (1) from 
the vertical section of the tank 
1 ft. below the top; (2) in the 
middle, and (3) at the outlet 
connection. These samples are 
placed in the test can and mixed, 
and the tests made the same as 
when tests are made in a thief.) 


Hang thief in hatch by hatch 
hook on the side opposite from 
you so that the sample cocks face 
toward you. Raise the windshield 
when required or desired. 


Grasp hydrometer case with right 
hand on handle, take out hydrom- 
exer with left hand, be sure hy- 
drometer is dry, place in sample 
for test. 


As you replace hydrometer case 
with right hand, pick up No. 1 
centrifuge tube from case and ob- 
tain sample from the 8-in. or 
middle sample cock on thief. 


Cork and place No. 1 sample in 
equipment case. 


Check the gravity and tempera- 
ture on the hydrometer with the 
stem dry within 1/16 in. of fluid 
level. 


Raise and lower cup case ther- 
mometer suspended in the center 
of the tank 1 to 2 ft. so that the 
bulb contacts oil at those points. 
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23. 


26. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


Double-check the gravity and 
temperature readings on the hy- 
drometer, repeat this process, 
raising and lowering the bulb of 
the thermometer in the hydrom- 
eter in the sample gently until 
two or more readings are the 
same. 


Read hydrometer-thermometer, 
dry thoroughly, and return to 
case, using left hand. Put cap on 
with left hand, holding case with 
right hand. 


Check percentage of oil on the 
test-by-sight glass from the 8-in. 
sample cock on the thief. 


Without removing thief from the 
hatch, hold bail with right hand, 
open and set thief with left hand, 
letting the middle sample drain 
back into the tank. 


Lower thief to bottom for bottom 
test, run thief slowly so that a 
perfect core is cut; depth on thief 
cord or chain should be noted. 


Raise thief slowly, cleaning off 
cord or chain as it is removed 
from the tank, placing cord or 
chain to right of gauge hatch. 


Hang thief on the back side of 
the gauge hatch by hatch hook. 


Examine oil at pipe line connec- 
tion on test glass. 


Examine oil at pipe line clearance 
on test glass. 


Obtain sample No. 2 at pipe line 
clearance as a proof that 4-in. of 
clearance is maintained. Cork and 
place sample in equipment case. 


Open sample cock two or more 
inches above clearance line and 
let oil run back into the tank. 
Close sample cock. 


Lift thief from hatch with right 
hand on the spring. 


Hold test glass in the left hand 
at a 45° angle, with top of glass 
toward and bottom away from 
you, move glass back and forth, 
and raise to height of eyes fre- 
quently to examine oil more 
closely. 


Examine sample closely to detect 
the b.s. & w. line. 


Set thief level by hanging on 
hatch hook, then use the b.s. & w. 
gauge to determine the exact 
amount of b.s. & w. on the tank 
bottom. 


If the bottom test at the hatch 
on the front side shows b.s. & w. 


39. 


40. 


41. 
42. 


43. 


44, 


45. 


46. 


47. 
48. 


49. 
50. 


a1. 


53. 
54. 


55. 


56. 


Ts 


58. 


aos 


within 1 in. of the clearance al- 
lowed, an additional test of the 
bottom should be made at the back 
or No. 2 hatch. 


Set the thief at an angle in the 
gauge hatch with the bs. & w. 
therein. 


Grasp the bail with the right 
hand, open and set with the left 
hand, letting the b.s. & w. drain 
into the tank through bottom of 
thief. 


Open sample cocks. 


Lower thief into the oil and wash 
thoroughly. 


Raise thief and lay in thief hatch 
to drain. 


Wipe off test-by-sight glass and 
place in case. 


Take cup case thermometer out 
of tank and read. 


Wipe off thermometer, wind-up 
marked cord, and place in case 
with left hand, holding handle of 
thermometer case with right 
hand; put cap on thermometer 
case with left hand. 


Wipe off thief. 


Lower slide on thief gently; do 
not permit it to snap shut. 


Close sample cocks. 


Place cord or chain into end of 


thief. 


With dry waste or cloth wipe off 
thief thoroughly. 


Place waste or rag used into top 
of thief to keep the oil from seep- 
ing out. 


Place thief in the equipment case. 


Wipe up around gauge hatch, 
carry all waste or rags off tank 
with you, place outside firewall 
in a can provided for that pur- 
pose. 


Pick up equipment case with the 
right hand and place in the com- 
partment in the rear of the 
gauger’s car. 


See that both samples in the cen- 
trifuge tubes are poured down to 
the 50 percent mark. 


Fill the tubes to the 100 percent 
mark with white gasoline or 
benzol and shake. 


Place the samples in the hot water 
bath at the required temperature. 


Bring the samples to a tempera- 
ture of 120°F. 


60. 


61. 


62. 


63. 


64. 


65. 
66. 


67. 


68. 


69. 


70. 


Fa. 


i 3s 


74. 


75. 


Shake the samples thoroughly and 
place in the centrifuge machine, 
running the test for the prescribed 
number of minutes. 


Read the percentage of b.s. & w. 
of the No. 1 or middle sample 
for deductions. 


Read the percentage of b.s. & w. 
of the No. 2 or bottom clear- 
ance sample, used only as a proof 
on clearance. 


If the oil and bottoms meet all 
requirements the tank is ready to 
go on the line. 


Carry run book. 
Carry seal book. 
Carry wrench when needed. 


Apply special seals on bleeders, 
overflow lines, flow lines, and 
other pipe-line connections when 
required, 


Write up skeleton ticket at the 
tank, show code number, tank 
number, size, pipe-line connection, 
percentage at clearance, first 
measurement, b.s. & w. on tank 
bottom, gravity-temperature, 
tank temperature, steamed or cold, 
percent of b.s. & w. in suspension, 
special seals applied, old seal, date 
and time of turn-on, and the 
gauger’s and pumper’s signatures. 


Check the information placed on 
the ticket with the information 
on the tank and stops. 


Check off the tank number and 
the old seal number on the seal 


book. 


Break the regular seal, lay on the 
lock stop under the dart. 


Turn the tank on the line using 
the wrench; when possible check 
the line by a suction or pressure 
test. 


Place the wrench in proper com- 
partment in equipment rack of 
car. 


Place run book and seal book in 
special compartment of car. 


Close cover of rear end of car 
and move to the next lease. 


The inspection as outlined meets the 


requirements of the American Petro- 
leum Institute Code and can be used 
on field or storage tanks. It will be 
noted that almost everything done is 
double-checked. This is to reduce errors 
and it has proved very satisfactory, 
holding mistakes to a minimum in each 
district in which it has been adopted. 
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Chapman 
LIST 960 


STEEL GATE VALVES 


On all types of small valve work we offer 
Chapman List 960 Forged Steel Gate Valves 
for real economy, high efficiency and trouble- 
proof performance. Available in sizes from 
1%"’ to 2”’", with screw ends for threaded pipe, 
these valves are now made in two rising stem 
models, inside screw and vutside screw. Bodies, 
(A\) bonnets and union nuts are of high grade 
forged steel. Stems, wedges and seat rings are 
of stainless steel, all made to exact gauge 
and absolutely interchangeable. You can 
standardize on List 960 for all pressures up 
(C) to 800 Ibs. at 750 degrees, or 1500 Ibs. cold 

working pressure. Once installed, they are in 
to stay and your small-valve troubles will 
fade away. 











NOTABLE FEATURES 
Inside Screw Model 

All Threads Inside the 
Valve 

Quick Acting Threads 
Ball Joint Connection 
Full Pressure Repacking 
Flexible Stem Connec- 
tion 


, ’ Replaceable Stainless 
Sectional View Steel Parts Outside Screw Model 
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Chapman List 960 
Steel Gate Valve 


Tae Cuapman VAtve 


MANUFACTURING COMPANY 
INDIAN ORCHARD, MASS. 


i NH 


a te 








m BOOB P 











THE PETROLEUM ENGINEER, Midyear, 1940 








eae 


INCE THAT memorable day in 

August, 1859, when Colone! 
Drake completed the first oil well, the 
Appalachian area has been an acknow!l- 
edged and progressive leader in the pe- 
troleum industry. Men have migrated 
from the regions of Oil Creek and 
Petroleum Center to all sections of the 
world, led on by the never-ending 
search for oil. 

With the passing of the flush pro- 
duction era, and the realization that 
enormous quantities of additional oil 
could be obtained by secondary recov- 
ery methods, a new type of production 
practice was established. Pennsylvania 
and the adjoining state of New York, 
until recently enjoyed the distinction 
of being the locale for the only fields 
in the world in which the science of 
water-flooding was a proved success. 
Although this phase of petroleum pro- 
ducticn is gradually spreading and be- 
ing adopted in other sections of the 
country, it is still to Pennsylvania in 
general and Bradford in particular, 
that the oil industry looks for new 
developments and trends in water- 
flooding methods. 

The Pennsylvania areas are alert to 
the responsibility imposed upon them. 
A sizable and capable research group 
under the direction of Dr. S. T. Yuster 
is maintained at Pennsylvania State 
College for the purpose of aiding the 
oil producer in his solution of the 
numerous problems with which he is 
confronted. A spirit of hearty codper- 
ation exists between the oil producer 
and laboratory technician. Many of 
the theories that show promise in the 
laboratory are subjected to actual field 
tests. 

Within recent months, selective 
plugging experiments with air, wax- 
distillate, and cement have been con- 
ducted in the water-flooding area. 


Selective Shooting 


Perhaps one of the greatest strides 
forward in the science of water-flood- 
ing is the newly aroused interest in 
the shooting cf wells. The controlled 
water input of the intake wells is 
highly important and accumulated evi- 
dence points to the fact that this may 
be governed to a large extent by cor- 
rective or selective shooting of the oil 
sand. In simple terms, this procedure 
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consists of shooting the tighter sec- 
tions of the sand with heavier charges 
and the more permeable sections with 
lighter charges, in order to effect a 
uniform flooding front and eliminate 
the hazard of bypassing. 

One engineer in the Bradford field 
who has devoted particular attention 
to the well-shooting problem in con- 
junction with water-flooding has enu- 
merated the merits of selective shoot- 
ing as follows: 

1. Increases oil production per acre 

2. Decreases ultimate water con- 

sumption and production per 
acre 

Brings in production sooner 
Returns investment sooner 
Enables a net profit to be real- 
ized at a more rapid rate 
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Progress and Trends in Water-Flood 
Suite, Districts of Appalachian Area 


By PAUL M. PHILLIPPI 


Olean Petroleum Company, Eastern Division, Olean, New York 


6. Increases profit by: 

(a) increasing gross income 

(b) decreasing development 
cost because of generally 
greater possible spacing, 
and 

(c) lowering lifting cost per 
bbl. 

7. For a given daily production, re- 
quires fewer wells at one time, a 
smaller pressure plant, and fewer 
powers, thus necessitating a 
lower investment 


Equipment is released at an ear- 
lier date for use elsewhere or for 
sale; its value is greater at the 
end of the flood because it is 
still relatively new. 


A study has been made for compara- 
tive purposes of conventionally shot 
wells and selectively shot wells on the 
same property. All the wells in the 
study were in a five-spot water-flood 
development located in the heart of 
the Bradford field. All are served by 
the same pressure plant and powers. 
These data are summarized in Table 1. 
It is interesting to note that the selec- 
tively shot wells produced more than 
twice as much oil in 28 weeks as the 
conventionally shot wells did in the 
same period, and that this oil produc- 
tion was obtained with a much lower 
water-oil ratio. 

To conduct selective shooting suc- 
cessfully and in an accurate manner, 
it is essential that each intake well be 
cored. At the present time, in the 
water-flooding districts of the Appa- 
lachian area, there are three methods 
of coring in general use. They are: 
(1) diamond core, (2) Baker core, 
and (3) chip core. Each of these 
methods has its own distinctive merits 
and the oil operator usually selects the 
type that will give him the particular 
information desired at a minimum ex- 
penditure. 


Electrification 


The increasing trend of electrifica- 
tion in the eastern areas under water- 
flood development is of significant im- 
portance. In 1932 the oil industry of 
the Bradford area purchased 11,212,- 
740 hp-hr., the largest annual volume 
to that date. In 1939, the oil operators 
in the same area purchased 49,939,482 
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SAMPLES 


Side Wall Sampling, a companion 
service to Schlumberger Electrical 


Well Logging and Precision Gun 
Perforating, provides a quick, sure 
means of recovering lateral sam- 


ples of un-cored formations. 
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hp-hr., a net increase of nearly 289.5 
percent. The explanation for this in- 
crease in the use of electric power may 
be summarized briefly as being caused 
by the abnormally low price for this 
premium-grade crude oil, by proration, 
and by cheap, easily available utility 
electric power. 

A major power company operating 
in the water-flooding areas of north- 
western Pennsylvania has supplied the 
data tabulated in Table 2. 

Interesting statistics have been pro- 
vided by the same company concerning 
the power requirements for the recov- 
ery of oil in the Bradford field by 
water-flooding methods, assuming an 
average depth of 1600 ft. for the 
wells. 

The Bradford field comprises ap- 
proximately 85,000 acres termed by 
the producers as productive area. Of 
this, it is estimated that 11,000 acres 
have been completely watered-out. 
There is an estimated 46,000 acres 
under flood at the present time, leaving 
28,000 acres still untouched by pres- 
sure flood. 


There are approximately 500 pro- 
ducing wells being operated in the 
field and approximately 80 percent of 
these are using electrical energy in one 
form of motive power or other. The 
installed electric hp. requirements on 
water pressure equipment varies in ac- 
cordance with the physical properties 
of the sand. The average installed hp. 
for pressure pumps is 0.4 hp. per acre. 
Auxiliary equipment, such as back- 
wash pumps, circulating pumps, and 
supply pumps average 0.32 hp. per acre. 
Pumping equipment will vary with the 
type of equipment and well spacing. 
The field average is 1 producing well 
to 2.5 acres and the average installed 
hp. per acre for well-pumping is 1.2 








TABLE | 
Production data from conventionally shot and selectively shot wells in water-flood 
development 


Bradford Field 








Daily water-oil ratio at 3400 bi 





Group 1 Group 2 

Conventionally shot, Selectively shot, 

average per well average per well 
Total oil production, 28 weeks, bbl. ...... 2238 4580 
Total oil production, 40 i i ERR RRR eset 3480 oa. 
Total water production, 28 weeks, bbl. 1425 2508 
Total water production, 40 weeks, bbl..... 2720 voi 
Total water-oil ratio, 2500 bbl. mction....... 0.653 0.248 
Daily water-oil ratio at 2500 bbl. production. .... 0.805 0.334 
Total water-oil ratio, 3400 bbl. uction 0.768 0.348 


production... a dn 
Estimated ultimate recovery ednttive shooting basis), percent. . 


1.322 0.938 
44 (40 weeks) 57.5 (28 weeks) 











hp., making a total of 1.92 hp. per 
acre for a completely electrified lease. 
According to estimates and records 
on flooding projects in the Bradford 
field, the average total energy required 
to produce 1 bbl. of oil on a totally 
electrified lease is 10.722 hp-hr. 


On a specific water-flooding project 
where an oil content of 10,000 bbl. 
per acre is indicated, actual recovery 
is approximately 4000 bbl. per acre, 
in accordance with the general opinion 
of geologists and producers. It is ad- 
visable to note that there is consider- 
able variance in the recovery factor 
throughout the area, ranging from 20 
to 40 percent of the total oil content. 
Utilizing the figures given above, 42,- 
888 hp-hr. would be required per acre 
to produce 40 percent of the oil in 
place. This total amount of energy 
would include the work done in in- 
jecting 40,000 bbl. of water at 800- 
lb. pressure and in lifting 32,000 bbl. 
of fluid. 


Wider Spacing of Intake Wells 


The question of well spacing in 
flooding operations is chiefly an eco- 
nomic problem and must be solved on 
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that basis, taking into consideration 
of course the properties of the par- 
ticular sand body involved. Muskat 
has stated that the flood efficiency is 





TABLE 2 
Electric power consumption in secondary- 
recovery areas of Pennsylvania 
by years 


Bradford Area 








Number of | Installed | Annual power 
Year operators hp. — 
1931 156 6,070 17,203 ,075 
1933 194 8,067 17,184,031 
1935 241 10,249 665, 27 
1937 432 16,358 48,161,228 





Venango County 





1931 2 55 ee 
1933 5 nn oe 

1935 8 2 eer 
1937 13 555 ie tends 




















entirely independent of the well spac- 
ing and that the question of well spac- 
ing in flooding problems is of minor 
physical significance. In light of this 
and other substantiating evidence, 
there is a growing tendency in the 
Bradford field to increase the water 
intake to water intake well spacings, 
which in the past seldom exceeded 
325 ft. 


One operator in the Bradford area 
has undertaken a five-spot develop- 
ment in which the distance between 
intake wells is 418 ft. At this spacing 
the distance between the intake well 
and producing well is 296 ft. This 
particular spacing was chosen in order 
that each five-spot grouping will cover 
4 acres. 

The economic effect of wider spac- 
ing on a proposed flooding project is 
presented in Table 3. 


Higher Pressures 


The adoption of wider spacing in 
water-flood developments will no 





Injecting wax-distillate under pressure 
into water-intake well during selective 
plugging experiment in Bradford field 








140 million cu. ft. 
1500 Ibs. w. p. 
Absorption Unit 
and Pressure 
Maintenance, 
designed for 
2500 Ibs. 
Recently com- 
pleted in Corpus 
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Christi area. _ ~~ 


Whether you call it... 


Distillate Recovery —or Recycling— 


or Condensate Recovery ..« 


we have designed and installed the three types of plants now processing gas 


for the Recovery of Distillate with Pressure Maintenance; i.e., — 


1. Recovery through low temperature, utilizing Regenerative Cooling Cycle; 


2. Recovery by high pressure Absorption Process; 


3. Recovery through low temperature, using Mechanical Refrigeration Cycle. 


Our Research—Engineering and Design- 
ing Departments—important factors in 


planning plant economy— 
are part of our service. 


Complete handling of Engi- 
neering, Designing, Installa- 
tion, Testing and Starting the 
Plant—delivering to the cus- 
tomer the complete operat- 


ing unit. 
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PARKHILL WADE 
CONSULTING AND 
CONSTRUCTION ENGINEERS 
1625 SOUTH ALAMEDA STREET 
LOS ANGELES CALIFORNIA 





AFFILIATED WITH 


Our engineers will be glad to work out 
your problems with you. Write us for more 


information. 


@ Distillate Recovery Plants 
@ Gas Dehydration Plants 

@ Compressor Stations 

@ Natural Gasoline Plants 


@ Stabilization Plants 


THE STEARNS-ROGER MANUFACTURING CO. 


1720 CALIFORNIA STREET © DENVER, COLO. 















doubt require the application of higher 
pressures. Contrary to popular belief, 
there is a distinct critical pressure 
above which it is impossible to inject 
water into the sand without the occur- 
rence of serious bypassing. The pres- 
sure just below this critical point is 
the maximum pressure that can be 
safely carried on the sand. 


No definite formula has been evolved 
for determining this point of critical 
pressure as it is known to vary slightly 
in different sections of the field. It is 
the common consensus, however, 
among those who have studied this 
problem, that the maximum pressure 
that can be carried on the sand face 
should not exceed 1 lb. for each foot 
of depth. In other words, the critical 
pressure that could be carried on a 
sand body 1700 ft. deep would be ap- 
proximately 1700 Ib. per sq. in. or 950- 
1000 lb. applied pressure at the sur- 
face. 
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Water-Flooding in Ohio 


Within the last year, the inaugura- 
tion of water-flooding in Ohio has 
aroused considerable interest. Governor 
John W. Bricker signed a bill on March 
31, 1939, legalizing the practice of 
water-flooding in that State. Since 
then, most of the development to date 
has been centered in the old Chatham 
pool. This pool is in the western por- 
tion of Medina County, approximately 
25 miles west of Akron, and 35 miles 
southwest of Cleveland. 


Production is obtained from the 
Berea Sand, which has demonstrated 
itself to be rather an erratic sand, par- 
ticularly in regard to thickness. Nu- 
merous cores have been taken in this 
area but reports of great sand thickness 
do not necessarily mean that all the 
sand will respond to water-flooding. 
Salt water usually exists in the lower 
portion of the sand body. The most 
efficient method of operation in this 
instance is to stop drilling before the 


Water-intake location in Chatham 
pool, Medina County, Ohio, showing 
the type of equipment used to drill 
shallow wells in the area 
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water-bearing sections are reached, and 
produce solely from the upper section. 

In most instances, the saturation or 
oil content is higher than the average 
encountered in the Bradford field. The 
average porosity values are likewise 
higher, varying from 17 to 20 percent, 
but the principal difference between 
the two fields is in the permeability of 
the sand. In actual cores tested, the 
permeability of the sand constituting 
the Chatham pool has been found to 
range between 0 and 400 millidarcies. 
This is much higher than the usual 2 
to 10 millidarcy range, associated with 
the Bradford field. A high permeabil- 
ity is not objectionable in this area, 
provided a uniform sand condition 
prevails, as the average depth to the 
top of the sand is between 450 and 
600 ft. This shallow depth would re- 
strict the carrying of high pressures, 
which a tight sand would require. 

Water-flooding production practices 
similar to those of the Bradford field 
are being utilized. Five-spotting is the 
usual layout procedure and the intake 
water is treated and filtered in a sim- 
ilar manner. It is understood that one 
operator is making arrangements for 
recycling the water on his property 
and others may eventually adopt this 
practice. 

The crude oil produced from the 
Chatham pool is classified as “Lodi” 
grade and has a mixed asphalt-paraffin 
base and a gravity of 39.2°. The mar- 
ket price for this oil is $1.00 per bbl., 
which is considerably less than the 
present $2.50 per bbl. received for 
Bradford crude oil. This low market 
price is counterbalanced, however, by 
the shallow drilling and consequent 
low development costs. 

It is reasonably safe to predict that 
successful results will be obtained in 
the Chatham pool and that in the near 
future other latent pools in the State 
of Ohio will be reopened and operated 
by the water-flooding method of sec- 
ondary recovery. 





TABLE 3 


Economic effect of wider-spacing in water-flood project 


Bradford Field 


Based on 3000 bbl. per acre oil recovery—average drilling depth, 2000 ft. 




















| 4 . : 
Spacing, ft. Acres Development | Operating ex- | Acreage cost Total Oil at $2.00 per bbl. Oil at $2.50 per bbl. Oil at $3.00 per bbl. 
water to per five cost—dollars | pense per acre at $500 expense 
water spot per acre at $0.60 | —s~per acre per acre Return Profit Return Profit Return Profit 
| per bbl. per acre per acre per acre per acre per acre per acre 
300 2.0 3123 1800s 500 =| = «8423 6000 877 7500 2077 9000 3577 
350 2.8 2231 1800 500 4531 6000 1469 7500 2969 9000 4469 
400 3.7 1688 1800 | 500 } 3988 6000 } 2012 7500 3512 9000 5012 
450 4.6 1358 1800 500 | 3658 6000 | 2342 7500 3842 9000 5342 
500 5.7 1096 1800 | 500 | 3396 6000 2604 7500 4104 9000 5604 
! | | 
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SMALL IN BULK...BIG IN RESULTS 
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You can’t judge the output of a well by the height of the derrick...or the 
efficiency of an oil cooler by its size. 

Harrison utilizes a principle of heat transfer to produce oil coolers that 
are exceptionally compact, rugged and efficient. They can be depended 
on to maintain lube oil temperatures within the range required for proper 
lubrication, greatly increasing performance and reducing maintenance on 
Diesel applications. 

Consider the space and weight advantages of Harrison Oil Coolers on 
your mobile drilling units, stationary power plants, compressors, and 
other applications both in the field and in the refinery. Specify Harrison 
Oil Coolers when you order Diesel equipment. 
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ODAY, the dehydration of gas is 
being seriously considered by 
every major company operating nat- 
ural gas transmission lines, and is be- 
ing practiced by most of these com- 
panies. Five years ago, the total num- 
ber of commercial plants operating to 
dehydrate natural gas in this country 
was less than ten, and dehydration of 
natural gas was generally considered as 
a somewhat strange and mysterious 
process. 

The two principal reasons for this 
recent rapid spread in gas dehydration 
are probably, first, the increasing use 
of higher operating pressures on trans- 
mission lines; and second, more exact 
information on the effects of these in- 
creased pressures on “freezing,” or hy- 
drate formation in the lines. The re- 
duction in dehydration costs that has 
occurred recently due to technical im- 
provements in dehydration processes 
and equipment may also have some 
effect on this expansion of the practice 
of dehydration. 

The presence of water as a liquid in 
gas transmission systems has resulted 
in operating difficulties that have been 
recognized since the early days of the 
distribution of manufactured gas. Gas 
engineers have contemplated methods 
of keeping this liquid out of gas trans- 
mission systems for many years, so the 
general concept of gas dehydration is 
no new thing. The advent of natural 
gas, and the necessary use of pressures 
higher than those used in the manu- 
factured gas distribution systems, 
brought another factor into the pic- 
ture that was not fully understood 
for many years. This factor is the for- 
mation of “ice” in natural gas lines at 
temperatures above 32°F., which is 
the normal freezing point of water. 
This “ice” effectively interfered with 
pipe-line operation in days gone by, 
and caused much trouble and much 
speculation on the part of pipe-line 
operators. Finally, Hammerschmidt de- 
scribed this “ice” as natural gas hy- 
drates, and presented data to show the 
quantitative effect of gas pressure on 
the temperature at which this “ice” 
would form. This original work of 
Hammerschmidt, ably amplified by 
Deaton and Frost of the U. S. Bureau 
of Mines, has provided the natural gas 
industry with data that can be used 


Natural Gas 
By T.S.BACON 


Research Engineer, Lone Star Gas Company 
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to justify the installation of dehydra- 
tion plants in many instances. 


There has been a trend toward the 
use of higher and higher gas pressures 
in transmission systems, and this trend 
is continuing. Long distance transmis- 
sion lines are operating at pressures as 
high as 1000 lb. per sq. in., with 
shorter lines in some producing fields 
operating at pressures above 3000 lb. 
per sq. in. Main-line pressures of 500 
lb. per sq. in. are used very exten- 
sively, and most new construction is 
designed for pressures at least that 
high. The effect of the increase in 
pressure is to increase the temperature 
at which hydrates will form. By way 
of illustration, a line carrying typical 
natural gas from the Texas Panhandle 
field at a pressure of 125 Ib. per sq. 
in. would not be subject to “freezing” 
until the temperature dropped below 
35°F., whereas the same line carrying 
the same gas at a pressure of 500 Ib. 
per sq. in. might “freeze” at any tem- 
perature below 52°F., due to the for- 
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Modern Practices In the Dehydration of 


mation of hydrates in the line. In 
other words, gas lines placed below the 
frost line should give negligible trouble 
due to hydrate stoppage so long as the 
pressure on the line is approximately 
100 Ib. per sq. in. But gas lines oper- 
ating at pressures of about 500 lb. per 
sq. in. and buried at normal depth are 
subject to stoppage by hydrates in 
nearly all sections of the United States 
during the winter months. It is for 
this reason primarily, but also for 
other reasons such as prevention of in- 
terial corrosion of lines, and increase 
in pipe line capacity, that most of the 
recent dehydration plants have been 
installed. 


Dehydration plants may be classified 
under four general types, as follows: 


1. Plants using cooling, or com- 
pression and cooling, to obtain con- 
densation of water vapor, followed by 
removal of the condensed water from 
the gas stream. 


2. Plants using concentrated solu- 
tions of inorganic brines, such as cal- 
cium chloride, to absorb water vapor 
from the gas. 

3. Plants using liquid organic 
chemicals, such as diethylene glycol, 
to absorb water vapor from the gas. 

4. Plants using solid materials, such 
as activated alumina, for adsorption of 
water vapor from the gas. 

In the above list, the types of plants 
are arranged in their generally recog- 
nized approximate order of effective- 
ness, with plants of type 4 capable of 
accomplishing the most complete de- 
hydration. 

Refrigeration 


Simple cooling of the gas, either by 
the use of cold water or by refrigera- 
tion, will serve to dehydrate gas partly, 
if the original dew point of the gas is 
above the temperature at which the 
gas leaves the coolers. The practical 
application of plants of this type in 
the natural gas industry is definitely 
limited by the formation of hydrates 
in the coolers. Operation of the coolers 
at temperatures below the hydrate for- 
mation temperature will cause hydrates 
to plug the coolers, causing a plant 
shut-down. In general, the dew point 
desired is below the hydrate formation 
temperature. 
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Cross-section view of 600- 
pound No. 3607-X Radio- 
cast Steel wedge gate valve 
with Exelloy disc, seats, and 
stem for oil and oil vapor 
handling. 


@ 
Crane Small Steel Valves are 


made with screwed, flanged, 
and socket weld ends, 





No. 3653-X 600-pound 
Forged Steel angle valve 
with Exellay trim. 








No. 3692-XS 600-pound 
Radio-cast Steel vertical 
ball check valve with No, 3656-X 600-pound Forged Steel 


Exelloy to Steel trim. globe valve with Exelloy trim. 
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0 CRANE CO., GENERAL OFFICES: 
o 836 S. MICHIGAN AVE., CHICAGO 
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They’re Designed to Fit 
Oil Country Service Needs 


IRST of all, Crane Small Steel Valves are made specifically 

—“‘tailor-made”—for the working conditions of high pres- 
sure service. They embody the most ideal construction features 
desired in valves for pressure-temperature lines. 


Each type is built cf materials aiding finest development of 
design for better flow control. Gate valves and vertical checks 
are of Crane Radio-cast Steel—the most scientific steel casting 
process. Globe and horizontal check valves are made by Crane 
improved forging methods. 


They are of heavier section where service—or installation 
stresses—require greater strength. They are lighter in places 
where weight in ordinary valves is merely excess weight. 


Because of Crane “tailor-making,” these valves look different 
and are different. They look and are well proportioned, more 
modern. They look and are better adapted in a score of ways to 
the actual service requirements to which you subject them. 


Despite “tailor-made” adaptability to your service needs, 
Crane Small Steel Valves exact no premium. That’s because 
they’re made by the most efficient manufacturing techniques. 
What’s more, they’re made in a full line of gates, globes, angles 
and checks—in 8 sizes up to 2 inches. 


But, you'll never know the goodness and superiority of Crane 
Small Steel Valves until you’ve judged 
them for yourself. The quickest way to 
do that is to call your Crane Repre- 
sentative right now! Or, you can send 
the coupon below for a new catalog 
which illustrates and describes the line. 
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CRANE CO., ; 
836 S. Michigan Ave., Chicago, III. y 


Without obligation, please send mea catalog on the new 
line of Crane Small Steel Valves. PE-7-1-40 
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Inorganic Brine Absorption 


Typical of plants of type 2 are cal- 
cium chloride brine plants, many of 
which are in commercial use in this 
country at present. The calcium chlo- 
ride brine solution is inexpensive, 
chemically stable when heated, and 
fairly effective as a dehydration agent. 
The concentrated brine may become 
corrosive under certain conditions, and 
will solidify if cooled or concentrated 
excessively. The operating cycle in 
general use in these plants is simple. 
The concentrated brine is pumped into 
an absorber, where it is brought into 
intimate contact with the gas, and 
absorbs water vapor from the gas. The 
dehydrated gas leaves the absorber 
through a suitable mist extractor, in 
which any entrained brine solution is 
separated, and then enters the trans- 
mission line. The calcium chloride 
brine leaving the absorber is boiled 
sufficiently to drive off the absorbed 
water, and is then cooled and returned 
to the absorber to dehydrate more gas. 
The maximum dew-point depression 
that may be obtained by the use of 
calcium chloride brine, without refrig- 
eration, in this type of plant is lim- 
ited to slightly less than 30°F., with 
actual operation showing depressions 
of 20-25°F.' Various other inorganic 
salts have been proposed as substitutes 
for calcium chloride,” such as lithium 


1Cowan—Gas, Vol. 14, No. 9, p. 48, Sept., 
1938. 
*Bichowsky, Chemical and Metallurgical Engi- 
neering, Vol. 47, No. 5, p. 302, May, 1940. 


chloride, and calcium bromide-chlo- 
ride mixtures. Some experimental work 
is proceeding on some of these mix- 
tures, but no conclusive results have 
been published on their commercial 
practicability for the dehydration of 
natural gas. 

Several commercial plants have com- 
bined processes of types 1 and 2 in a 
single plant. Calcium chloride brine 
may be introduced into the gas stream 
entering the gas coolers, and allowed 
to flow through the coolers in contact 
with the gas. The presence of the cal- 
cium chloride brine will prevent the 
formation of hydrates and will also 
lower the dew point of the gas below 
the temperature at which the gas leaves 
the coolers, making possible very low 
dew points in the treated gas, but at 
the same time increasing the operating 
costs. 

Absorption by Organic Liquids 

Some early experimental work was 
done, both in this country and in 
England, on plants of type 3 using 
glycerin as the absorbing medium for 
the dehydration of manufactured gas. 
Glycerin will permit a greater dew- 
point reduction than can be obtained 
by the use of calcium chloride brine 
alone (without refrigeration) and will 
not solidify under normal operating 
temperatures. Glycerin is much more 
expensive than calcium chloride, how- 
ever, and is subject to thermal decom- 


position in the temperature range re- 
quired in the regenerating stage of the 
process. The commercial use of glyc- 
erin as a dehydrating medium has 
been negligible in this country, al- 
though it has been used abroad.® 


The ethylene glycols, produced syn- 
thetically in this country, are very 
similar to glycerin in many ways, but 
fortunately are chemically stable under 
fairly high temperatures. The first 
commercial plants using diethylene 
glycol for the dehydration of natural 
gas were put in operation early in 
1937, and have clearly demonstrated 
the practicability of this type of plant. 
Operating experience has shown that 
the total amount of glycol required 
for plant make-up will be less than 
0.10 gal. per million cu. ft. of gas 
treated in a well-designed plant, and 
that dew-point depressions of 45°F. 
may be readily obtained. The glycol is 
non-corrosive in ordinary steel equip- 
ment, and will not solidify under ordi- 
nary plant conditions at any concen- 
tration. It has been reported that 16 
plants were using diethylene glycol 
for dehydration in 1939, which indi- 
cates a very rapid growth in the num- 
bers of plants of this type when it is 
recalled that the first plant went into 
operation in 1937. Plants of this type 
are of particular value in sour gas 
areas, as the simple addition of a suit- 
able amine to the glycol will result in 


3Shively, ‘‘Ten Years of Gas Dehydration,”’ 
A.G.A. Technical Section, 1939. 
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Selection chart for dehydration processes 
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SLUSH-PUMP LINERS 


UST as battleships are armored for 

protection from bombs, shells, and 
torpedoes, so are ‘Oilwell’? DI-HARD 
Liners armored for protection from the 
abrasive action of mud. DI-HARD 
Metal has what it takes for best slush- 
pump performance: 


®@ It is hard (well above 600 
Brinell through the entire thick- 


ness of the bonded armor of DI- 
HARD) and it resists wear. 


® It has a low coefficient of fric- 
tion. 


© It saves many dollars in oper- 
ating expense as evidenced by 
countless outstanding perform- 
ance records. One owner reports 
more than 140,000 feet of drill- 


ing with one set of liners. 














the removal of hydrogen sulphide from 
the gas, as well as dehydration.* 

Various combinations of plants of 
type 3 with plants of other types are 
in service. Several plants use a mixed 
solution of calcium chloride and glyc- 
erin or glycol. A recent installation 
using both glycol and refrigeration has 
been described.® 


Adsorption 


Plants of type 4, using solid adsorb- 
ing materials, are very effective in the 
removal of water vapor from gas, and 
can dehydrate the gas almost com- 
pletely. Activated alumina is being 
used commercially in plants of this 
type, and silica gel may also be suit- 
able as the adsorption medium. Pos- 
sibly other solid materials, such as an- 
hydrous calcium sulphate, that remove 
water vapor from gas by absorption, 
should be included in this class. The 
industrial application of all solid mate- 
rials, however, including both absorb- 
ents and adsorbents, for drying natural 
gas is too limited in extent at present 
to warrant much practical discussion, 
with the possible exception of solid 
calcium chloride. This material is being 


4T. S. Bacon, Gas Age Record, May 26, 1938, 


p. 51. 
5H. Lee Flood, The Petroleum Engineer, May, 
1940, p. 113. , 




















used in small distribution systems, and 
in some wellhead installations.® 


Costs 


The item of cost of dehydration has 
been conspicuous by its absence in the 
above discussion. The overall cost of 
dehydration of natural gas is influ- 
enced by many factors that vary with 
each particular installation. As a re- 
sult, the operating costs on plants of 
any particular type will vary through 
a wide range, depending on load fac- 
tor, operating pressures, inlet and out- 
let dew points, utility costs, etc. In 
general, however, plants of type 1 are 
the least expensive to operate, and op- 
erating costs per million cu. ft. of 
gas dehydrated are extremely low if 
sufficient cold water is available to 
accomplish the required cooling. In 
many cases, plants of type 2 will oper- 
ate at slightly less cost than plants of 
type 3, but this slight difference in 
operating cost is more than offset, in 
the opinion of many operators, by the 
increased degree of dehydration that 
may be obtained with plants of type 
3, as well as the elimination of possible 
interruptions in service that are some- 
times experienced with plants of type 


6J. E. Moore, The Petroleum Engineer, March, 
1940, p. 181. 


Diethylene glycol dehydration plant; 
capacity, 60,000,000 cu. ft. per day 





2 due to corrosion failures, or to solidi- 
fication of the brine solution. Overall 
operating costs of plants of these two 
types have been reported from 7 cents 
to 75 cents per million cu. ft. when 
dehydrating natural gas under normal 
conditions. Operating costs on plants 
of type 4 are not available in the 
literature. 


Selection of Method 


The selection of the most suitable 
type of dehydration plant for any par- 
ticular situation must be based on a 
very careful and complete survey of 
the pertinent factors peculiar to the 
specific problem at hand. The dew- 
point depression that must be obtained 
is the most important single factor in 
this consideration in most instances. 
Plant location is another important 
consideration in: most natural gas de- 
hydration problems. All major natural 
gas pipe lines are supplied by numerous 
wells, and in some cases by different 
fields. So the problem of plant loca- 
tion becomes a choice between using 
a single large plant at some point on 
the transmission line, or many small 
wellhead plants. The single large plant 
is of course less expensive to install 
and operate because operations are cen- 
tralized, but will not protect the pipe- 
line system transporting gas from the 
wells to the main line. Field lines, due 
to the higher pressures involved, are 
particularly subject to hydrate forma- 
tion, provided wellhead temperatures 
are not excessive. Attempts are being 
made to solve this problem by develop- 
ing a small, self-contained, fully auto- 
matic, dehydration plant for wellhead 
use. There would appear to be a con- 
siderable field of application for a plant 
of this type. 

In conclusion, the dehydration of 
natural gas has recently passed from 
the status of an art to that of an exact 
science. Gas engineers today can de- 
sign a dehydration plant to operate 
successfully under any set of condi- 
tions, and can estimate the cost of that 
operation accurately. The gas indus- 
try has taken advantage of this infor- 
mation, and has installed many dehy- 
dration plants during the last year. 
Many more dehydration plants are 
under design and construction now, as 
the recent cold weather brought the 
practical need for additioral dehydra- 
tion clearly to the attenvion of pipe- 
line operators. 
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Says one Oil Field Owner of a Model 


HI-600 Cummins Dependable Diesel 


@ Undoubtedly a record . . . it may never be duplicated 
... but we do know that hundreds of Cummins Diesels are 
giving their owners lower maintenance, less parts replace- 


ment and a lower cost per work-hour than the power these 


engines replaced. 
Oll dll one We know this—not only from the field records on the 


engines, but from the “repeat orders” we receive daily—no 


a . 
man reorders again and again unless the equipment makes 
\ OW cing One good on the job. That’s why we say: 
44 O | 


Dependable 


sy || tell the Story’ 


sie ee 






Cummins ENGINE Company, 1516 Wilson Street, Columbus, Ind. 


MID-CONTINENT SUPPLY CO. © FORT WORTH, TEXAS 


Model H1I-600 Cummins 
es. Sox. Diesel. 150 hp. at 1800 rpm. 
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-) This view was taken to aid in study- 


ing a tentative site for a pipe- 
line station 





HERBERT THAYER 
BRUCE 


Aerial Surveys in Pipe-Line 
Reconnaissance 


Aerial maps serve as a rapid means of determining pipe-line routes, 
facilitating purchase of rights-of-way and progress of construction 


N TERRITORIES comprising vast 

reaches of open ground, property 
lines are often taken more or less for 
granted until some question arises con- 
cerning a right of vital value. Then 
the boundary lines become a matter 
over which tempers are lost and reason 
is cast to the winds; it is then that 
experts are called in for consultation, 
and the lack of a map that will serve 
as an accurate guide is a definite handi- 
cap. Few maps are available that so 
accurately show beyond question of 
doubt the exact location of a boundary 
as do those obtained by aerial means. 

The aerial map may solve a dispute 
or a problem without going miles into 
territory accessible only with difficulty, 
and without consuming valuable time. 
Pipe-line routing and procurement of 
property easements may be made within 
a minimum time and with great accu- 
racy and general satisfaction. 


What of that corner neither shown 
on the map nor recorded in the office 
of the register of deeds that is owned 
by the crotchety old farmer who is 
reluctant to give a right-of-way to 
anyone? What of the swamp that 
didn’t show up on the map and was 
too far off the beaten path for “‘in- 
spection” surveyors or engineers to 
know about? What about that clump 
of deep-rooted trees and that ridge 


which should have had soft ground on 
the opposite slope instead of the rock 
stratum that was found there? Just a 








HERBERT THAYER BRUCE 


as an officer in the World War was 
first attracted to aviation as a hobby. 
Out of this grew his interest in aerial 
photography. Bruce is an avid student 
of modern advancements in various 
industrial and professional fields. 
Following the war, Bruce was asso- 
ciated with investment banking in- 
terests in New York City. Since 1930, 
he has devoted his time to writing. 
His keen analyses of modern trends 
have appeared in a number of 
national magazines. 




















small unforeseen kink in the line runs 
into mileage, and may cause some ex- 
asperation in the cost accountant’s do- 
main. It is often failure to learn of 
unanticipated conditions as well as the 
sometimes erroneous reading of instru- 
ments that have caused a line begun 
simultaneously at opposite ends of a 
section to fail to meet at the expected 
point. 

The pipe-line engineer, armed with 
the aerial survey map, is given what- 
ever section of the earth he is interested 
in seeing as it exists on the ground and, 
theoretically, as he might touch it with 
his fingers. He can hang a mosaic of 
the proposed pipe-line route in his of- 
fice and see factually how the con- 
struction is progressing over ground 
conditions that may have delayed con- 
struction at some particular point or 
points. He can foresee trouble at a 
given point; a swamp, for instance, 
clearly visible on the map, may be 
deeper or more boggy than anticipated. 
Field workers, survey and construction 
men, with strip maps of sections 
through which they must lay pipe, can 
see the actual ground conditions with 
which they must contend each leg of 
the way; what lies beyond a particular 
ridge is not an unknown factor in his 
planning because he has seen what is 
there on his aerial map. The airplane 
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@ When you put a Hazard LAY-SET Preformed 
Line on your rig you don’t have to “baby” it 
until it is “broken-in.” Hazard LAY-SET is pre- 
formed at the mill—pre-trained to the job. And 
by actual comparison Hazard LAY-SET Pre- 
formed lasts longer, handles easier, is safer—in 
most oil field operations. As a rotary drilling 
line it is “tops” according to literally thousands 
of drillers in every field. 


Green Signifies Full Speed 
Ahead for National 


LAY-SET Preformed spools better because it 
whips less; it resists rotating in sheave grooves; 
it makes possible faster round trips. And for well 
servicing jobs—that’s where LAY-SET Pre- 
formed “‘goes to town.”’ Bad fleet angles, small 
blocks, jerking and abuse—Hazard LAY-SET 
takes ’em all in its stride. For your next line 
specify Hazard LAY-SET Preformed Green 
Strand—the greater dollar value rope. 


HAZARD WIRE ROPE DIVISION 
Established 1846 


WILKES-BARRE, PENNSYLVANIA 


Branches or Distributors in All Important Oil Fields 
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can appraise right-of-way necessities 
without the owners of the desired prop- 
erties being aware that their land is 
under consideration. What is of equal 
importance is that a property owner 
can be shown on an aerial map just 
what corner or section is needed with- 
out his going to that corner or section 
to refresh his memory on how valuable 
it may be to him. He sees the land that 
is there just as it is. Furthermore, the 
engineer knows exactly what is there 
and what it is being used for; very 
often he can tell what the land has 
been used for in the past. 

All possible pipe-line rights-of-way 
may be laid out on a mosaic map by 
the simple means of drawing a string 
over the surface of the mosaic to ob- 
tain the shortest “straight-line” dis- 
tance between any two points. If it is 
found that some obstacles must be 
avoided, the course of the string over 
the map may be changed by merely 
moving or adding a few tacks. 


Savings that may result from the use 
of mosaic maps for this work are dif- 
ficult to estimate offhand because no 
one pipe-line job has ever been laid out 
or constructed using both the aerial 
survey and ground survey. It should 
not be difficult to realize, however, the 
advantages of having all ground infor- 
mation before one on a picture from 
which to make route selections rather 
than of having only the limited know!- 
edge of general conditions obtained 
from field excursions. It is the avoid- 
ance of such obstacles as private ceme- 
teries, reservoirs, swamps, orchards, or 
unexpected groups of farm buildings 
that suddenly crop up in the line of 
vision when laying out work on the 
actual ground that the aerial map 
makes possible. It is these obstacles that 
necessitate back-tracking and re-locat- 


















































ing and doing a great deal of work all 
over again with no little loss in time 
and money. But by making use of the 
aerial photographic mosaic map before 
going into the field, the engineer sees 
before him these obstacles and avoids 
them by merely moving a tack or two 
and thus stretching the string in a 
slightly different direction. The aerial 
photographic mosaic map is particu- 
larly desirable for the making of com- 
promise locations because two or three 
different methods of routing may be 
studied and restudied. The engineer 
does not have to remember what he 
saw a week ago on one side of a ridge 
in comparison with what he sees to- 
day on the other side of the ridge. 
There is no possibility of his having 
forgotten some essential difference that 
might mean expensive construction. 


A well-controlled strip mosaic map 
should always be a part of the deliv- 
eries for a pipe-line project. It is im- 
portant in this type of work that this 
map be controlled by some accurate 
method, preferably the slotted template 
method or at least the radial line 
method; by using either of these, it is 
possible to keep the prints properly 
oriented to avoid the errors that might 
creep in if the right-of-way is being 
studied over very rugged terrain. It 
should need no explanation that it is 
very important that alignment of the 
prints in such a strip may be as good 
and as accurate as possible. If this align- 
ment is not correct the preliminary 
survey made of the mosaic map may 
run into difficulties. The proposed line 
on the mosaic might just skirt the edge 
of some important obstruction; when 
going in the field, that same line might 
run directly into it. It is entirely pos- 
sible to make a mosaic map sufficiently 
accurate even though the terrain is very 





This refinery view aided in the ju- 
dicious selection of the best route 
through the crowded yards for a 

proposed pipe-line terminus 
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rugged, provided sufficiently accurate 
methods are used in its preparation, so 
that it will definitely accomplish the 
purposes for which it is made. 


After the mosaic has been delivered 
and studied by the engineer in the of- 
fice and the preliminary line has been 
laid out upon the map, then this in- 
formation should be plotted, either in 
code or directly, on a set of field prints. 
These might be enlargements at a con- 
venient size and scale, such as of 1 in. 
to 600 ft. Having these data, the field 
men know exactly what property in- 
formation must be procured from the 
county records. They will be aided 
materially in searching titles and deeds 
and transferring the information from 
a wordy, lengthy description to a pho- 
tograph, for they will have the ad- 
vantage of having all the information 
regarding the nature of the ground 
before them. Where creeks, wooded 
areas, roads, cultivated fields, visible 
boundary lines, etc., tie-in with the 
description on the aerial maps, there 
need be no fear that the information is 
plotted incorrectly. Following this, the 
field man now knows the property 
owners, the nature and type of the 
land, how important it is to the right- 
of-way engineer that easement be ob- 
tained through a particular piece of 
property, and how easy it might be to 
avoid that particular piece of property 
and shift to another should it be neces- 
sary to do so. 

The next step is to obtain easement 
over a long stretch of line as quickly 
as possible. Having the picture avail- 
able means that many men can work 
on acquiring this right-of-way, 
whereas, if the pictures were not avail- 
able, it would have to be done step by 
step as the work progressed from area 
to area for, if the easements were ob- 
tained too far in advance of the plan- 
ning, it might mean a lot of unneces- 
sary property rights had been acquired. 
The old method very effectively warned 
everybody along the line that a pipe 
line was coming through, and prices 
naturally skyrocketed. By the aerial 
photography method, easements may be 
obtained along the entire line almost 
simultaneously so that no opportunity 
is given for groups of property owners 
to “get together” to raise prices or try 
to block the progress of construction. 

Often a set of contact prints is de- 
livered to the engineer if the terrain 
is very rugged. By studying these over- 
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YOUR ROPE PROBLEM! 


Buying wire rope is not only a matter of buying good rope. 

, What’s more important is buying the right rope... Our 

“+ corps of salesmen—always available through our distrib- 

“ utors—are trained to analyze your problem intelligently 
and efficiently. And our Engineering Staff stands ready 
to use these analyses—for recommendations that actually 
mean ‘‘ultimate low cost.’’ Use the Union Wire Rope Man 
in your territory. 


WIRE—WRITE~—or consult your Telephone Directory 


UNION WIRE ROPE CORPORATION 
2106 Manchester Kansas City, Missouri 


JARECKI MANUFACTURING CO, PLOWDEN SUPPLY COMPANY 
Distributors: Midcontinent, Gulf Coast, 3200 Navigation Blvd., Houston, Texas 
New Mexico and Eastern Oil Fields Gulf Coast Distributors 





























you ROPE DOPE” 
regularly? 


Just send us your name and 
address—and we’ll mail you 
every issue of this bulletin. 
It’s informative, educational, 
belongs in your reference file! 
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lapping prints under a stereoscope, the 
terrain stands out in relief. These prints 
are the same size and scale as the 
original aerial negatives made at the 
time of the survey. It is hard to realize 
or explain that by looking at two over- 
lapping pictures a third-dimensional 
visional model appears before one’s eyes. 
To anyone first experiencing this, the 
tendency is to put his hand directly 
under the stereoscopic instrument to 
see whether or not he can feel the 
model that has suddenly taken form 
before his eyes. Every tree, house, bush, 
and hill stands out as though it had 
been made there by a worker in plastic 
clay. 

Stereoscopy is not a new science. It 
was not even new when our immediate 
forebears were surfeited with the parlor 
variety affording an evening’s amuse- 
ment. Indeed, stereoscopy was known 
in the time of Euclid in 300 B. c. But 
the principles of stereoscopy are car- 
ried to the proverbial mth degree when 
applied to the aerial photogrammetry 
used in contour mapping. Those who 
have been interested in or have used 
the aerial survey, are conversant with 
the stereoscopic study of aerial photo- 
graphs. In fact, this study has been 
discussed in previous issues of this mag- 
azine’ in greater detail than is intended 
here. It is the three-dimensional factor 
that is of utmost importance in the 
present article. The three-dimensional 
factor is of great value in reconnais- 
sance study and pipe-line planning; it 
is of even greater value when elevation 
and depth must be accurately deter- 
mined at whatever scale an engineering 
problem demands. Just as strip maps 
are now assembled with accurate orien- 
tation, so is contouring made to what- 

1**Recent Improvements in Technique of Aerial 


Photography,’” by Herbert Thayer Bruce, The 
Petroleum Engineer, May and June, 1939. 












































ever accuracy is desired. Formerly, strip 
maps were put together by matching 
the images of one picture with another. 
This method always proved futile in 
country where there are great differ- 
ences in elevation, such as the Wy- 
oming bad lands. In fact, it was be- 
cause of this that for many years aerial 
mapping was considered too rough and 
inaccurate for reliable topographical 
study. But with the new method of 
control, namely, the slotted template 
method, a modification of the radial 
line method, both developments of re- 
cent years, far more accurate maps 
may be assembled with less ground 
control. The contouring of these maps 
is known as photogrammetry—photo- 
measuring. 


The “art” of preparing precise con- 
tour maps by the aerial method has 
been generally accepted in engineering 
usage for less than a decade. It is no 
subject for the layman to attempt to 
delve into; its ramifications are many 
and complex. A simple example would 
be the measuring of a packing box. 
Using a ruler, the box is found to 
measure 60 in. by 30 in. by 20 in. 
To measure it photogrammetrically, it 
would be photographed with a preci- 
sion camera at, for example, one-twen- 
tieth scale; from the photograph it 
would be determined that the box in 
the picture measures 3 in. by 11% in. 
by 1 in. Multiply these dimensions by 
the scale factor of 20 and we get the 
actual measurements.: But let us hasten 
to add, before some engineer writes a 
note of complaint, that before the box 
could be photographed for photogram- 
metric measurements, a control would 
have to be established on the box or 
in association with the box, by which 
measurements could be determined by 
calculation; then, overlapping prints 





This photograph of a newly discovered 
oil field illustrates the value of aerial 
maps in uncharted areas 





would have to be viewed stereoscopi- 
cally in order to determine the box’s 
measurements by calculation. It is by 
this same method that the photogram- 
metric engineer measures the earth’s 
surface. 


When using a stereoscope to view 
two overlapping prints of a common 
ground aréa, one eye sees one picture 
and the other eye the other picture. 
The view is the same we would get if 
we were looking vertically downward 
from three miles in the air; but the 
stereoscopic view gives us a far, far 
greater sense of relief than we obtain 
through our eyes alone. The reason for 
this is that the eyes, in viewing through 
the stereoscope, follow the same an- 
gular paths they would follow if they 
belonged to a giant 15,000 ft. tall 
whose eyes were spaced a mile apart. 
The eyes would diverge when viewing 
a distant point and converge when 
viewing a nearer or higher point—just 
as two transits would diverge or con- 
verge if placed at that altitude. This 
divergence or convergence of the axes 
of the eyes gives the sense of distance. 
It is also an exact mathematical quan- 
tity. 

By means of stereographic plotting 
machines, the surface of the ground is 
traced at fixed contour elevations. 
These machines are equipped with a 
small black dot known as a “floating 
mark” that is adjustable to any con- 
tour position and can be set so that it 
appears to touch the surface of the 
ground in the “relief” model. The con- 
trols for the photographs from which 
these maps may be drawn must be es- 
tablished in the field by triangulation. 
The horizontal and vertical position 
of each point must be observed in the 
field and determined by calculation. 
These control points are plotted in their 
correct codrdinate positions and are 
used for the proper orientation of the 
map and the adjustment of the prints 
under the stereo-plotting machine be- 
fore the operator can commence the 
actual drawing of the contours. For 
accurate work, at least two such points 
should be obtained for each overlapping 
exposure. 

One of the earliest applications of 
the aerial survey was for locating pipe 
lines. The aerial survey and photo- 
grammetry are years ahead of the en- 
gineer and far behind the uses to which 
they may be put, particularly in pipe- 
line construction. 
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Developments and Trends in the Natural 
Gasoline Industry 


PZCLUSEV 





HE WEAKNESS in natural gaso- 
line prices that developed late in 
1937 was still evident during the first 
six months of 1939 with the average 
Mid-Continent price at 2.50 cents per 
gal. During the two-week shutdown 
of the Mid-Continent fields in August, 
1939, the price advanced to 4.25 cents 
per gal. and prospects appeared prom- 
ising to the manufacturer until De- 
cember, 1939. At that time motor fuel 
stocks mounted rapidly accompanied 
by a pronounced weakening of prices 
and natural gasoline prices tobogganed 
to about 2.50 cents per gal. Subsequent 
reductions have brought natural gaso- 
line prices to a new low, eliminating 
in many cases, the possibility of profit. 
Large-scale war activities in Europe 
with virtually a complete cessation of 
normal export business has also affected 
the economic picture and the present 
outlook is so confused, with rapidly 
changing events, that any prediction 
of future markets is impossible. 
Natural gasoline has always been 
marketed as an ingredient of motor 
fuel, its chief purpose being to increase 
volatility. Its principal purchaser has 
been the refiner of crude oil. At one 
time the superior anti-knock quality 
of natural gasoline was an incentive to 
its use in the refinery product, but those 
days have passed due to the rapid in- 
crease in anti-knock specifications de- 
manded in modern motor fuels. Then, 
too, the progressive refiner has now 
equipped his plant for the recovery of 
processing vapors, so that he now has 
his own means of providing an amount 
of volatility sufficient for, even in ex- 
cess of, motor fuel requirements. 
Faced with these changes in the 
former markets for natural gasoline, 
there seems to be but one remedy, and 
that is to manufacture a more profit- 
able product from the raw material 
available. Scientists have told us of the 
potential value of natural gas when 
converted into various synthetic prod- 
ucts. The possibilities of such synthesis 
are innumerable and a list of products 
that might be made from gaseous hy- 
drocarbons sounds almost unbelievable. 
Chemical research is beginning to show 
us that the synthesis of some of those 
products from the raw material avail- 


By J. W. VAIDEN, Manager, and F. E. FISHER, 
Chief Chemist, Natural Gasoline-Natural Gas Division, 
Skelly Oil Company 








J. W. VAIDEN 


received a chemical engineering de- 
gree from Alabama Polytechnic In- 
stitute in 1921 and for several years 
thereafter taught mathematics—Was 
employed by the Skelly Oil Company 
in 1924, initially being employed as 
a linewalker, later as gasoline plant 
engineer, then plant superintendent 
—When in 1933 the gasoline plants 
of the company were placed under 
the jurisdiction of the Production De- 
partment he was made manager of 
natural gasoline manufacture—In 
1936 he was elevated to the post of 
general superintendent of the Natural 
Gasoline-Natural Gas Division and a 
year later to the position he now 
occupies. 
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F. E. FISHER | 





after serving in the World War, 
joined the technical staff of the 
Chestnut and Smith Corporation, re- 
search organization devoted to prob- 
lems of natural gasoline manufac- 
ture—Became affiliated with the re- 

search department of Phillips Petro- 

leum Company six years later and 

was in charge of the Barilesville 
laboratory of that company—lIn 1930 
he left Phillips to enter the manufac- 
turing business, and two years later 
entered the employ of the Skelly Oil 
Company—lIs now chief chemist of 








Division. 
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able at the natural gasoline plant is far 
from a dream, or a test-tube vision. 
Hydrogenation, dehydrogenation, and 
polymerization have been made avail- 
able during the last few years as com- 
mercial processes with their value to 
the natural gasoline industry quite 
clearly shown in existing plants. The 
last year has been particularly active in 
furthering new technological develop- 
ments in the industry. The natural 
gasoline manufacturer had only just 
directed his attention to the possibili- 
ties of polymerization as an adjunct in 
his particular situation when he was 
deluged by the almost simultaneous an- 
nouncement that thermal and catalytic 
alkylation processes were now on a 
commercial scale, making possible the 
production of neo-hexane or isooctane 
as ingredients of aviation gasoline hav- 


ing an octane number of 100 or more. 
What next? Hydrogenation, dehydro- 
genation, polymerization, alkylation, 
isomerization, aromatization, cycliza- 
tion, and desulphurization are common 
subjects for conversation in an indus- 
try that a few short years ago was 
stumbling over the complexities of sep- 
aration of propane and lighter constit- 
uents from natural gasoline. 

It is not surprising that the industry 
is somewhat bewildered. Despite the 
notable progress that has accompanied 
each passing year, natural gasoline as 
such is still the major product of the 
industry, and its principal use that of 
adding volatility to motor fuel pro- 
duced by the refiner. 

The separation of propane and bu- 
tanes from the raw natural gasoline 
produced by the average plant has long 
























been accomplished, and the marketing 
of these so-called byproducts now 
forms a sizable industry in its own 
right. 

Some new processes by which a com- 
plete transformation or conversion of 
the parafin hydrocarbons contained in 
natural gasoline may be made to an 
entirely different and, as yet, unknown 
product, may be accepted as a demon- 
stration of modern alchemy by the av- 
erage natural gasoline manufacturer, 
but when he is confronted with the 
necessity of seriously considering the 
application of such processes to his in- 
dustry, he is probably overwhelmed by 
the complexities involved. 

Developments have been rapid, and 
continue at an ever-increasing rate, so 
there is little opportunity to select from 
past performance at existing plants 
that particular process, or combination 
of processes, that would best meet the 
needs of any one manufacturer. 

From present indications there is 
little likelihood that stabilization or 
simplification of this situation will oc- 
cur for sometime to come. The indus- 
try must accept it as a product of this 
swiftly moving, constantly changing 
age, and gear itself to the pace set by 
technological advance. This is no simple 
problem for an industry that has al- 
ready been suffering from operation on 
a very narrow margin of profit for a 
considerable period of time. 

The development of new and rad- 
ically different processes for utilization 
of the raw material of the natural gaso- 
line industry offers a challenge to the 
manufacturer. The majority of these 
new processes are directed toward the 
production of motor fuel and the con- 
version of gaseous or less desirable liq- 
uid hydrocarbons to a product of su- 
perior quality as an aviation or auto- 
motive fuel. 

The plants required by the new proc- 
esses are, in most cases, quite elaborate 
and expensive, and operating and main- 
tenance costs are sometimes high. These 
factors lead some manufacturers to 
postpone consideration of the use of 
such processes pending possible further 
developments that may result in a sim- 
plification or improvement of the 
process, thereby reducing the risk of 
investment and/or increasing, or at 
least stabilizing, the potential returns 
from such investments. 

There is no question about the wis- 
dom of caution in considering the place 
that these new processes may have for 
the natural gasoline manufacturer. All 
new projects must necessarily be an- 
alyzed carefully, both from an eco- 
nomic and a technological standpoint. 
Additions to capital investment must 
be made cautiously even when thor- 
ough investigation indicates they are 
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justified as a means to profits. Over- 
expansion in this direction must, how- 
ever, be guarded against as it means 
stagnation and over-indebtedness with 
ruinous consequences in this fast-mov- 
ing age. On the other hand, active use 
should be made of the new processes in 
order that the manufacturer may par- 
ticipate in the better prices prevailing 
for their improved product. In every 
case it is more a problem for the indi- 
vidual manufacturer than for the in- 
dustry as a whole. 


Modernization is Essential 


The same thing is also true of less 
drastic and revolutionary changes in 
existing plants. There are few plants 
that could not be improved upon in 
some way. Modernization is frequently 
brought about by the availability of 
new machines, instruments, or mate- 
rials of construction. Examples of such 
developments are numerous and may 
be typified by the new lightweight, 
high-speed engine and compressor 
units, highly efficient heat-exchange 
equipment, high-pressure boilers, auto- 
matic control instruments, and corro- 
sion resisting alloys. 

Operations that may be effected by 
the replacement of units or equipment 
not necessarily worn out, by those of 
improved design or construction must 
be carefully analyzed before such 
changes can be justified. In new instal- 
lations the use of modern machinery 
and equipment has many advantages 
not obtained when existing plants are 
modernized. Careful design of every 
detail of construction will yield opti- 
mum results from the new designs and 
materials that will usually pay good 
dividends in operation. 

To a large extent, modernization 
may be successfully based upon operat- 
ing experience. A consistent and me- 
thodical study of performance and 
costs of each item of equipment will 
yield valuable information that can be 
applied to future purchases and indi- 
cated changes. Such minor changes as 
re-location of a thermometer, pressure 
gauge, or valve, where an operator is 
more likely to attend to it, or the use 
of a recording instrument to replace 
an indicating gauge, may improve oper- 
ation sufficiently to reduce costs far out 
of proportion to the investment re- 
quired for such changes. 

In general it may be said that any 
changes in plant equipment or design 
that will result in longer operation 
and/or higher efficiency with lower op- 
erating and maintenance costs are 
worthy of consideration. Their eco- 
nomic application to a specific plant 
will depend largely upon local condi- 
tions, and comparison with existing 
equipment. 





The activity of a number of nat- 
ural gasoline manufacturers reported 
in the technical press during the last 
year is evidence that some recognition 
has been accorded the value and neces- 
sity of improvements in plant when- 
ever possible. 

Adoption of the new conversion 
processes has been limited to a few 
companies but increased interest is be- 
ing evidenced by numerous others. 

The production of motor fuel and 
kerosine from the distillate wells of 
the Gulf Coast area has been made pos- 
sible by an increased knowledge of the 
physical problems surrounding such 
production and the successful applica- 
tion of the technique of natural gaso- 
line manufacture. Recycling of gas 
from these condensate wells is now 
common practice. Such work has pre- 
sented many new problems. One South 
Texas plant extracts natural gasoline 
from the gas of a number of conden- 
sate wells by oil absorption at 1200-lb. 
pressure and returns the stripped gas to 
the producing zone at pressures from 
1800 to 2000 lb. A good grade of motor 
fuel results from the fractionation to 
a lower vapor pressure of the raw 
product. 

Recycling plants in Texas have been 
responsible for a considerable addition 
to the natural gasoline production of 
that state, bringing it to first position 
in the list of producing states, with 
California dropping to second place in 
1939. Oklahoma remains third in the 
production of natural gasoline. 

Increase in the use of more advanced 
processes of chemical sweetening or 
treating and desulphurization has been 
noted during the last year with cata- 
lytic desulphurization now a commer- 
cial possibility. 

Repressuring and water-flooding 
have been responsible for increased nat- 
ural gasoline production from plants in 
some older producing areas. There is 
indication that the use of such practice 
will be rather widespread in the future. 

The increase in gasoline pipe-line fa- 
cilities recorded in the last year shows 
realization of the necessity of reducing 
transportation costs whenever possible. 

In general, it may be said that cen- 
siderable effort of the industry is being 
bent toward some solution of its pres- 
ent economic situation. The time has 
arrived, however, when ordinary efforts 
are not sufficient and more drastic and 
revolutionary action is required. The 
fighting spirit of the natural gasoline 
manufacturer has been demonstrated in 
the earlier days of the industry. It must 
again be brought to bear upon the pres- 
ent problems with which he is con- 
fronted, together with full utilization 
of the implements and methods pro- 
vided by the modern technologist. 
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Developments in the Removal of Hydrogen 


URING the last year there has 
been considerable new use of hy- 

drogen sulphide removal equipment in 
the purification of natural gas. 

Producers and pipe-line companies 
are more and more coming to the con- 
clusion that realization of definite re- 
turns from their reserves of sour gas 
need no longer be postponed on ac- 
count of cost or difficulty of removing 
hydrogen sulphide. Numerous processes 
are now available covering every con- 
ceivable requirement. It remains only 
for the prospective processor to select 
the one best fitted to his needs. Several 
processes have valuable end products 
in addition to sweetened gas, and in 
some instances the proceeds from the 
sale of these products are capable of 
paying the entire cost of purification. 
In the natural gas field little cogni- 
zance has yet been taken of this fact. 
Plants will undoubtedly be built, how- 
ever, whose products will contribute 
materially to the chemical resources of 
the areas in which they are situated. 

At Borger, Texas, in the largest sin- 
gle carbon-black plant in the world, 
a plant is now being erected to purify 
70,000,000 cu. ft. of gas per day. 
This is the largest capacity natural gas 
purification plant yet built. It is de- 
signed to reduce the hydrogen sul- 
phide concentration of the gas ahead 
of a gasoline-absorption plant and a 
carbon-black plant and thus to reduce 
the sulphur concentration in the nat- 
ural gasoline and carbon black. Addi- 
tional benefits will be found in the 
reduction of corrosion of the equip- 
ment in both the gasoline and carbon- 
black plants. This is the first plant to 
be built for such purposes, and it may 
well be followed by others in the same 
industry. 


In the Elk-Poca field, West Virginia, 
several plants have been constructed 
using the amine process for purifying 
gas of comparatively low hydrogen sul- 
phide concentration. In at least one 
case diethylene glycol has been com- 
bined with the amine to afford dehy- 
dration. These plants are in successful 
operation and provide an outlet for 
large quantities of gas otherwise not 
marketable. 


By W. A. LEECH, JR. 
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W. A. LEECH, JR. 

recently appointed Southwest repre- 
sentative for Koppers Company, 
Engineering and Construction Divi- 
sion, at its new offices in Tulsa, Okla- 
homa, has spent his 20 years of pro- 
fessional life in the oil and gas 
industry—He was born in Phila- 
delphia, Pennsylvania, in 1898— 
After a year at Stevens Institute he 
entered Lehigh University where his 
course was interrupted by World 
War service—The cadet-engineers 
course of the United Gas Improve- 
ment Company in Philadelphia occu- 
pied him for two years—After that 
he was with Seaboard By-Product 
Coke Company, M. W. Kellogg Com- 
pany, U. G. I. Contracting Company, 
Alcorn Combustion Company, Kop- 
pers Construction Company, Koppers 
Research Corporation, and Phila- 
delphia Coke Company—During this 
period he supplemented his college 
work with further study at Columbia 
and Temple universities—For the 
last four years he has been with 
Koppers Company, Engineering and 
Construction Division, interested 
largely in research, construction, and 
operation of plants for the removal 
of hydrogen sulphide from manufac- 
tured, refinery, and natural gases. 
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In the Magnolia field, Arkansas, a 
plant using potassium phosphate has 
been put in operation purifying fuel 
gas containing about 1400 grains of 
hydrogen sulphide per hundred cu. ft., 
by removal of about 95 percent of the 
hydrogen sulphide. This reduces, to a 
very considerable extent, the corrosive 





Sulphide from Natural 
and Refinery Gases 


Koppers Company, Engineering and Construction Division 


effects on engines in which the gas is 


used as fuel. Frequently fuel gases of 


this character may be purified at a net 
saving to the operator. This is espe- 
cially true when sweet gas might other- 
wise have to be purchased at high 
prices. 


Near Tulsa, Oklahoma, a plant puri- 
fying gas containing 20 grains of hy- 
drogen sulphide per hundred cu. ft. 
has been converted to an iron oxide 
plant, and it has been purifying about 
1,000,000 cu. ft. of gas per day during 
the winter for the local public utility. 
Substantially all the hydrogen sulphide 
is removed by this plant. The oxide 
method still provides the simplest and 
cheapest means of purifying small 
quantities of low hydrogen sulphide 
content gases in isolated locations, 
where ordinary utilities and labor may 
not be readily available. 


In the refining branch of the indus- 
try, there has been continued interest 
in the removal of hydrogen sulphide 
from fuel gases and from gaseous 
charging stocks for the various poly- 
merization processes. 


The advent of the Houdry process 
has opened a new field for purification 
in the removal of hydrogen sulphide 
from rather large quantities of gas, 
containing considerable quantities of 
carbon dioxide. In one large east coast 
refinery a purification plant has been 
put in operation using the amine proc- 
ess for the removal of hydrogen sul- 
phide. 

One plant has been built to remove 
hydrogen sulphide from gaseous prod- 
ucts before separation and stabilization. 
In this instance, after removing the 
wanted constituents, the rest of the 
gas is released, together with the hy- 
drogen sulphide, as fuel. 


The possibility of increased use of 
the catalytic alkylation processes in 
the manufacture of high octane avia- 
tion fuels should lead to more frequent 
inclusion of recovery type plants in 
the refinery flow sheets. These, to- 
gether with contact acid plants, are 
capable of supplying the refineries with 
their requirements of sulphuric acid, 
independent of outside supply and at 
prices not to be equaled otherwise. 
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Koppers Seaboard gas-purification plant 








In the Panhandle of Texas a large 
refinery has recently placed in opera- 
tion a purification plant using the 
amine absorbent and removing hydro- 
gen sulphide from gases later used in 
the manufacture of neo-hexane. This 
plant is operating very satisfactorily, 

In two large eastern refineries, phe- 
nolate process plants have been put in 
operation during the last year, one re- 
moving hydrogen sulphide, which may 
later be used in the manufacture of 
sulphuric acid. This recovery of acid, 
now practiced by two other large re- 
finery plants using the phenolate proc- 
ess, with a total capacity of about 150 
net tons of sulphuric acid per day, is 
gaining in popularity, and suggestions 
have been made that it may soon be 
projected to the manufacture of sul- 
phuric acid from sour natural gas. 

The year’s record, embracing the 
construction of 12 plants using five 
processes, represents a creditable recog- 
nition by the industry of the many 
and varied applications that may be 
made with the different types of hy- 
drogen sulphide removal equipment 
now available. It is believed that in 
the future more work will be done 
along these lines, leading to the im- 
provement of refinery processes and 
products and to the further utilization 
of sour natural gas as fuel. Equipment 
for the processes recovering sulphur, 
as such, and as sulphuric acid, is being 
built and may quite possibly be ex- 
panded into the natural gas field, sup- 
plying these products in areas and at 
prices at present impossible. 


Newest Oil-Field Equipment Is Tailor- 
Made for Special Jobs 


OUGH AND READY tactics of 
R oil-well drilling, production and 
exploration in recent years have given 
way to exact, almost delicate opera- 
tions, even though the equipment used 
often weighs many tons. The new 
equipment is tailor-made to do spe- 
cific jobs, to fit exactly other mate- 
rials and supplies even though they 
come from factories separated by hun- 
dreds of miles, says a release of the 
American Petroleum Institute. 


A recent exposition of new petro- 
leum equipment revealed that in two 
years tremendous advances have been 
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made in designing oil-well drilling and 
producing equipment to fit specific 
areas and conditions: drilling with 
fluid pressure; chemical plugging; oil, 
gas, and water ratio control; bacteri- 
ology consultation to help fight the oil 
industry’s worst enemy, corrosion; 
more accurate logs of underground 
formations through radioactive well- 
logging instruments; more economical 
and greater ultimate production from 
old oil fields through recycling, re- 
pressuring, and water flooding; deep- 
test exploration drilling for research in 


geology; more profitable commercial 
drilling in some fields through portable 
equipment on trucks and skids; and 
equipment so fabricated as to lessen 
costly junking when frictional parts 
wear out. . 
These are only a few of hundreds 
of methods and materials demon- 
strated, which daily are being intro- 
duced in American oil fields to increase 
productive efficiency, decrease the time 
and cost of drilling, and to make 
more certain the continuing job of 


finding new oil fields. 
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INFERNO GAUGES, TAILOR-MADE 


to Any Length, for Ordinary or Extraordinary Pressures 
and Range of Temperatures. 





y. 
% > Reflex or Transparent, for Separators, 
7 Gasoline Plants, Recycling Plants, 
Ly Refineries, Tanks and Vessels. 
of 
1, INFERNO will tailor a gauge to your exact requirements. 
> Any length up to 10 feet, any pressure to 4,000 Ibs., any 
.. temperature to 1000°F. 
0 You can have one of these INFERNO Tailor-Made ‘Clamp 
IS Type” gauges with single reflex glass (see illustration at 
1s left) or with double transparent glass (see illustration at 
ye right). 
a 
Both come in your choice of Navy Bronze, Steel, or Stain- 

" less Steel one-piece body or core, depending on the severity 
: of the conditions to be encountered. Any of these materials 

can be had in Type ‘‘A”’ to meet the usual conditions under 
d which gauges are employed, or in Type ‘‘B"’ to meet unusual 
conditions where corrosives are present and where pressures 
‘ and temperatures are too high for any ordinary gauge. 
t THICK GLASSES originated by INFERNO are employed. 
1 Only one size and thickness is used, to avoid confusion in 
C ordering replacements. These glasses are one inch thick; one- 


third thicker and 50 percent heavier than ordinary gauge 
glasses. 


MANY IMPROVEMENTS hove been originated, tested 
and put into service in these INFERNO Tailor-Made Gauges. 
The ribbed clamps on the Reflex Gauges give extra strength 
and spread the pressure along the entire length of the glass 
—there is absolutely no spot pressure. The special designed 
clamp on the Transparent Gauges diffuses pressure evenly 
from below the face of the glasses. These scientifically 
designed products afford greater safety and convenience 
and minimize glass breakage. 
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FOR FURTHER INTERESTING DETAILS see the 1940 Refinery 
Catalog, out this month, or write us for specific quotations. 


INFERNO GAUGE VALVES WITH BALL CHECKS 


INFERNO Forged Alloy Steel 
Offset Union Gauge Valves with 
Ball Checks are designed for 
lasting and dependable service. 

Stem and gauge apertures 
are offset, so that the fluid 
chamber in your gauge is open 
from end to end when the valve 
plugs are removed. 


Renewable Stainless Steel valve stems and seats; Chromium- 
Molybdenum Forged Alloy Steel body; Stainless Steel packing gland. 

For working pressures to 4,000 Ibs. at 200°F., or 1,500 Ibs. at C 
1,000° F. e 


Gauge connections may be male or female; male or female union 


connections; or with packing gland to receive glass tube. Union . . 
vessel connection may be male or female in stanfard sizes. Makers of Boiler Equipment That 


See 1940 Refinery Catalog, out this month, for further Exceeds All Safety Regulations 
interesting details or write us for specific quotations. 











INSIST ON INFERNO GAUGES—spEciFyY  °: O- BOX 1138-115 RICOU Sr. 
THEM ON YOUR NEW INSTALLATIONS SHREVEPORT, LOUISIANA, U.S.A. 
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Natural Gas Compressor Station 
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HE FOLLOWING discussion al- 
though pertinent to the operation 
and maintenance of compressor station 
equipment on a long-distance high- 
pressure pipe-line system, should be of 
general interest to all operators of com- 
pressor equipment. The conditions en- 
countered and the methods devised as 
solutions to the many problems may 
or may not apply exactly to other pipe- 
line systems where operating require- 
ments differ, but in general the experi- 
ences should merit description. 

The system under discussion is a 
900-mile single 24-in. main line sys- 
tem traversing parts of six middlewest- 
ern states. The natural gas from the 
fields of the Panhandle of Texas leaves 
the 18,750-hp. field station at 720-lb. 
gauge pressure after having been 
pumped through approximately a 3.5 
compression ratio by 24-in. by 36-in. 
horizontal twin-tandem gas engines 
driving 1254-in. diameter compressors. 
Fifteen of these units are installed in 
the field station, average loading con- 
ditions requiring the operation of 13 
units. 


The main line transmission system 
comprises nine additional compressor 
stations spaced at intervals of approxi- 
mately 90 miles. The pumping equip- 
ment is identical in design with that 
of the field station. The main line sys- 
tem has a total of forty-eight 1250- 
hp. gas engine compressor units, or a 
total of 60,000 hp. Three of the nine 
stations are equipped with six units, 
and the remainder with five units. 
The operating discharge pressures are 
from 690 to 712 lb. The compressors 
are 134% in. in diameter and operate 
through approximately a 1.5 compres- 
sion ratio. 

Load factors on the system as a 
whole are quite high. All gas pumping 
equipment is operated at about 75 per- 
cent of total possible operating hours. 
The average yearly unit loading ex- 
pressed in percentage of rating is 106 
percent. The average speed per unit 
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Operation and Maintenance Problems 
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By 


C. S. KENWORTHY 


Engineer, Natural Gas Pipeline Coinpany of America 











Cc. S. KENWORTHY 


graduated from Cornell University in 
1923 and went to work as a student 
engineer for Worthington Pump and 
Machinery Corporation in June of 
that year—Remained with that com- 
pany for 15 years, his duties being 
concerned with gas and Diesel en- 
gines—In 1938 he joined the staff of 
the Natural Gas Pipeline Company 
of America—His headquarters are in 





























Chicago, Illinois. | 








(covering a year’s operation) is 120 
r.p.m. 

To meet the load requirements con- 
sistently it has been found necessary 
to institute a more or less continuous 
maintenance schedule to keep the oper- 
ating equipment in as near 100 percent 
condition as possible throughout the 
year. Such a schedule demands continu- 
ous overhaul of equipment, different 
phases of which are timed to best suit 
climatic conditions. The continuous 
repair and checking of equipment to 
prevent forced interruptions in opera- 
tion requires long range planning by 
field forces, together with an intimate 
knowledge of the condition of the 
equipment by the field supervisors. To 
facilitate such a program, operating 












and maintenance records are utilized. 
These will be discussed briefly later in 
this article. Other procedures have 
been adopted to further assist in the 
operation and maintenance problems. 
These procedures, together with some 
of the problems encountered, will be 
outlined below. 


Engine and Compressor 
Operation 


Mixing valves. Some time ago it 
not only became apparent that correct 
running adjustments must be found to 
meet the load conditions but, more 
important, these adjustments must be 
maintained consistently. A series of 
tests were conducted to determine defi- 
nitely the proper gas valve that would 
allow proper gas and air mixtures to 
be maintained at all speeds and loads 
encountered. A correct gas valve was 
a prime necessity to prevent operating 
personnel from making individual ad- 
justments. 


Two master mechanics assigned to 
the compressor station department were 
first thoroughly trained along this line 
through the medium of the test work. 
These men were assigned the duty of 
adjusting all the large compressor units | 
properly, particularly concerning them- 
selves with the setting of mixing valves 
and the proper maintenance and ad- 
justment of the ignition system. Rou- 
tine checks using engine indicators 
follow as a check measure at all sta- 
tions. 


All connection heads and linkages 
to the mixing valves are marked with 
a prick punch mark and tram. By 
means of these marks it is a simple 
matter to return to the correct setting 
should the valve settings be changed 
either purposely or accidentally. 

Ignition. A definite and specific set 
of instructions has been issued and put 
in force regarding the operation and 
maintenance of the ignition system. A 
combination voltmeter, ammeter, and 
ohmmeter is available at each plant for 
checking the complete ignition circuit. 
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AS THE BIT GOES, THE JOB GOES 


When all is said and done every other piece of equip- the ideal combination of properties for rock-bit cutters: 
ment on a drill rig is there to serve the bit. It is the focus an exceptionally hard, wear-resistant case thoroughly 
of the entire operation. Increase the amount of hole bonded to a core with adequate tensile strength, im- 
per bit, even slightly, and down go drilling costs. pact strength and ductility. 

That is exactly what carburized Nickel-Molybdenum Throughout the oil fields Molybdenum steels are 
steels do in rock bit service — increase the amount of proving their capabilities in a wide range of applica- 
hole per bit. tions from crown block to drilling bit. Our book, 


Nickel-Molybdenum steels of the SAE 4600 and SAE “Molybdenum in Oil Production”, gives complete, 
4800 series can be carburized and heat treated to give practical data. It is free for the asking. 


PRODUCERS OF MOLYBDENUM BRIQUETTES, FERRO-MOLYBDENUM, AND CALCIUM MOLYBDATE 


re OT Wes 
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This instrument is also available in 
checking other electrical circuits in the 
station. A condensoscope for testing 
condensers and a spark plug tester have 
both been useful in reducing minor 
troubles from this source. Ignition dif- 
ficulties can be eliminated by continual 
close attention to all details in the ig- 
nition system, regardless of how small. 
Intake air. In the attempts to 
maintain constant fuel gas mixtures, 
the problem of variations in the intake 
air pressure due to high wind condi- 
tions has been particularly troublesome. 
Plugged air filters and normal varia- 
tion in engine speeds and loading also 
tend to offset other corrections made 
toward consistent mixtures. Fuel gas 
to the units is controlled through 
high-, intermediate-, and low-pressure 
regulators, thence through a header to 
the operating units, each of which is 
served by a wet-type gasometer and 
gas receiver. To eliminate variations in 
air intake pressures, the gasometer tops 
at several stations have been sealed, 
connecting this sealed top by means of 
2-in. piping to the free air intake. This 
is proving a satisfactory solution to 
the problem as with such arrangement 
the pressure on the fuel gas manifold 
varies in accordance with the varia- 
tion of the air intake, maintaining a 
constant difference in pressure between 
the air and gas supply to the mixing 
valve assembly. There is an additional 
advantage to the arrangement due to 
the fact that the difference in fuel and 
air pressures, as read on a manometer 
at each engine starting stand, is a con- 
stant quantity and is automatically 
maintained the same at all times. When 
an engine is tuned, therefore, there is 
no question of how to set the gasom- 
eter to obtain the proper gas pressure. 
This system eliminates the human fac- 
tors normally encountered when peri- 
odically adjusting or tuning engines 
under different loading conditions. 
Exhaust valves. Operation on con- 
tinuous heavy loads magnifies exhaust 
valve trouble. To improve exhaust 
valve operation, the circulating water 
system has been completely revised. 
The original water system as supplied 
by the manufacturer was piped to cir- 
culate the water through a cylinder 
head and a cylinder in series. The water 
through the exhaust valve was in 
parallel. The piping has been changed 
to circulate all the water through, 
first the valve, then the cylinder head 
and cylinder in series. Incorporated in 
this change of piping was an increase 
in the size of connections and piping 
to and from the valve casing, result- 
ing in from five to ten times as much 
water through the valve as formerly. 
This not only gives much better cool- 
ing but it also quite effectively pre- 
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vents the formation of heavy scale de- 
posits immediately under the valve 
seat. Scale previously encountered had 
caused excessive valve and seat wear as 
well as damage to the casting. Better 
cooling of the exhaust valve assembly 
also is an improvement in the cylinder 
cooling as the new arrangement pre- 
vents the excess heat from the valve 
casing flowing toward the cylinder 
casting. 

Between the use of leaner mixtures 
and the improvement in the water cir- 
culation there has been a decided re- 
duction in metal temperatures, which 
is evidenced by the fact that the cylin- 
ders, heads, and valve casings are now 
normally covered with carbon upon 
inspection instead of a red iron oxide 
deposit. 

Valve leakage. Investigations into 
horsepower requirements for capacity 
throughputs has disclosed that leakage 
past compressor valves and valve seats 
can be a sizable factor contributing 
to an increase of the horsepower re- 
quired per million cu. ft. of gas 
pumped. It is quite important to main- 
tain a tight leak-proof seat between 
the valves and the valve seats in the 
compressor head. With high pressures 
prevailing and a discharge valve not 
sufficiently tight on a copper-asbestos 
gasket, the operating pressures will 
compress the gasket, which results in 
hammering of the valve until the ulti- 
mate breaking point of the gasket is 
reached, causing serious leakage. This 
leakage may be accurately checked 
from capacity data and operating pres- 
sures after sufficient information is ob- 
tained from compressor indicator cards. 
Special socket wrenches for tightening 
valve jack bolts regularly will prevent 
serious leaking through the valve body 
seat. 

Pressure surges. Irregularities in 
fuel consumption between several sta- 
tions based on standard calculated 
horsepowers led to a detailed study of 
compressor loadings. This study was 
conducted by means of indicator cards 
taken both from the compressor cylin- 
ders, piping immediately adjacent to 
the cylinder, and at more remote 
points on the piping. Resultant data 
brought out the fact that decided 
surges were occurring in the piping at 
individual stations, both to and from 
the compressor cylinders. The char- 
acteristics of these surges depended 
upon the speed of the engine and the 
diameter and length of the piping. 
Variations in pressures as high as 150 
lb. per sq. in. were discovered at cer- 
tain speeds due to surge. Under spe- 
cific conditions of speed and pressure, 
surges on the suction piping tended to 
supercharge the compressor cylinder, 
increasing the capacity and horsepower 








to an appreciable degree above normal, 
At other operating conditions the 
capacity and horsepower were reduced 
below normal. Extreme variations in 
capacity were found as high as 10 to 
15 percent. Variations in compressor 
m.i.p. of 15 to 20 percent were dis- 
covered, occurring when operating 
under different engine speeds with con- 
stant suction and discharge pressures, 
The results obtained from any com- 
pressor capacity or horsepower formu- 
las are of little value in checking com- 
pressor operation when surges of such 
magnitude are encountered. By taking 
a sufficient number of compressor 
cards, however, it is possible to make 
corrections on capacity charts and thus 
check any individual station operation 
quite closely as a means of further 
checking serious leakage and power 
loss. 


Water Problems in Station Operation 


Water, from both a quantity and 
quality standpoint, ofttimes becomes 
the No. 1 problem of station operation 
and maintenance. The importance of 
a good water supply and of proper 
treatment is magnified when summer 
loading conditions require large cooling 
water makeup. As more circulating 
water is required for cooling during 
months of high atmospheric tempera- 
tures, evaporation losses, as well as 
wind losses, increase. Greater makeup 
requires more nearly continuous oper- 
ation of water wells, which are the 
source of water on the system under 
discussion. The increased demand on 
water wells inevitably results in an 
increase in the hardness of the raw 
water together with a marked increase 
in undesirable solids, such as chlorides. 


During the last several years the 
water tables have been consistently 
lowered throughout the middlewest due 
to protracted droughts. The next step 
in the vicious cycle causes heavy load- 
ing on water-treating equipment due 
to increased hardness of the raw water. 
All these factors often lead to a higher 
residual hardness in the water going 
to the system. 


Experience has indicated that water 
from relatively shallow wells—50 to 
400 ft. deep—may vary quite widely 
in hardness during short, heavy pump- 
ing periods. Under normal conditions, 
any well seems to have a definite maxi- 
mum capacity below which the quality 
of the water remains fairly uniform. 
As it becomes necessary to pump addi- 
tional quantities from any well, the 
hardness tends to increase quite 
abruptly after certain withdrawal lim- 
its are exceeded. Allowing the well to 
remain idle, when possible, sometimes 
results in a return to normal hardness. 
To prevent over-pumping individual 
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THIS CHART was prepared 
from calibrations and data 
supplied by the operating 
company ... The starting 
point of the graphs is the 
point in the operation 
where the respective rinqs 
were installed. 
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wells, additional wells have been drilled 
throughout the system as conditions 
demanded. The potential capacity for 
any one plant is thus increased, and 
more important, a greater number of 
wells allows for frequent rest periods 
to prevent serious increase in hardness. 


Almost continuous operation of 
water-well pumps invariably results in 
mechanical difficulties. Additional wells 
reduce the load factor; that, together 
with slower-speed pumping equipment, 
tends to eliminate the hazard of losing 
all source of water supply through me- 
chanical breakdown. 


Water samples are taken from all 
operating water wells and water an- 
alyses are checked in a field chemical 
laboratory. The results of such analyses 
are immediately forwarded to individ- 
ual plants and they serve as a guide 
in the operation of the treating plant 
for each station. The hardness of the 
raw water, as well as the system water, 
is periodically checked by local plant 
operators. These tests are intended to 
check treating plant operation as well 
as to detect radical changes in water- 


well conditions between complete lab-- 


oratory analyses. The tests also serve 
as a guide for dumping quantities of 
water from the system to reduce total 
solids. 


At stations where the cooling water 
system is entirely open and the engine 
jacket water is cooled by passing over 
a cooling tower at the bottom of 
which gas cooling coils are installed, 
the same factors that led to extension 
of the water supply and cooling sys- 
tem contribute to an aggravated deposi- 
tion of scale in the engine jackets and 
valves, especially during the summer 
months. The higher temperature of the 
circulating water favors a rapid growth 
of algae, which is deposited throughout 
the system and serves as a binder or 
matrix to speed-up scale deposition. 
The elimination of algae in itself is a 
step of considerable importance toward 
preventing the rapid accumulation of 
scale. There have been numerous meth- 
ods recommended for algae control or 
elimination, but the most practical and 
successful method used on this system 
to date is the continuous chlorination 
of circulating water as it passes over 
the cooling tower. 


The general detrimental effects of 
scale, particularly in the acceleration 
of ring, packing, and cylinder wear, 
are well known to all engine operators. 
Complete elimination of detrimental 
scale is any operator’s objective. Under 
the variety of water conditions present 
in the diverse regions traversed by a 
long distance pipe line, scale preven- 
tion at each station requires special 
study and attack from all angles. A 
sufficient number of water wells; prop- 
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erly sized and designed treating plants- 


to meet normal variations in quality; 
iron removal when necessary; algae 
control; continual water analyses, and 
control of total solids in the system 
water will all help to meet the objec- 
tive of eliminating scale. Equally im- 
portant is the training of all operators 
in the several phases of the water prob- 
lem so they will gain a better under- 
standing of the equipment and con- 
trol procedure involved. 

Corrosion. Water problems do not 
often stop with the supply angle, scale, 
etc. Water is more often than not cor- 
rosive to a point of serious concern. 
Corrosion attack is usually much more 
pronounced on steel piping and steel 
engine parts. On the 24 in. by 36 in. 
gas engine the most serious point of 
attack has been in the power piston 
rods. The piston and rod assembly is 
water-cooled by admitting water to 
the hollow rod through a telescopic 
rod near the main crosshead. The water 
continues through the tandem rods and 
pistons and then spills out at the tail 
guide. A small air chamber is provided 
at the point of entrance of the piston 
water. Due to the construction of the 
piston rod assembly, the quantities of 
water required, and the average engine 
speeds, water hammer becomes preva- 
lent unless a cushion of air is continu- 
ously provided in the air chamber. Indi- 
cator cards taken on the air chamber 
during periods of severe water hammer 
have shown that excessive pressures 
exist, sometimes approaching 500 lb. 
per sq. in. The pressure peaks are 
usually very sharp, rising from normal 
system water pressures abruptly to the 
extreme peaks and returning to below 
atmospheric within 10 to 15 flywheel 
degrees. Several lesser peaks, with rapid 
return to atmospheric or below, are 
usually recorded during each stroke. 

Corrosion has been noticeable 
throughout the telescopic assembly 
and in the rod bore. Intensive pitting 
has been found on numerous rods at 
the center partition or baffle that di- 
rects the water through the piston. On 
certain portions of the rod bore, most 
often on the inboard side, deep chan- 
neling occurs. Channeling is invariably 
along the topmost section of the water 
course. The amount of corrosion evi- 
dent upon inspection varies at the sev- 
eral plants more or less in relation to 
the corrosiveness of the water. The 
same characteristics, however, are pres- 
ent at all stations. The depth and 
severity of pitting of the center par- 
tition in the rod has required that the 
pistons from several rods be replaced. 
With the piston removed from the rod, 
even more extensive corrosion was dis- 
covered than could be ascertained by 
inspection with the piston in place. 
Corrosion had progressed in certain 


cases to a point where the rod strength 
was seriously jeopardized. 

A number of corrosion inhibitors 
were tried and did not appear to arrest 
corrosion. As the characteristics of this 
attack were consistent, investigations 
were made into the mechanical factors 
that might easily be as responsible as 
the chemical aspects. Chemists and 
other authorities confirmed the fact 
that free oxygen in combination with 
other corrosive elements could easily 
accelerate cavitation to the point ex- 
perienced. The sudden release from 
high to atmospheric pressure, or less, 
as was shown on the indicator cards, 
created an ideal condition for the lib- 
eration of oxygen at certain points in 
the piston water passage through the 
rods. Thus, successful control of water 
hammer could be expected not only 
to prevent rapid pressure changes but 
also to prevent the release of free oxy- 
gen from the water. By the introduc- 
tion of air into the piston water sys- 
tem, such peak pressures were smoothed 
out and, more important, vacuums en- 
tirely eliminated. On the one hand, 
water laden with oxygen picked up in 
the cooling tower had been released 
in the piston rod due to sudden pres- 
sure changes, and on the other, intro- 
duction of air or more oxygen partly 
corrected the condition. All air cham- 
bers have been piped for the continu- 
ous introduction of air to prevent 
water hammer. This was done as a 
temporary measure to arrest corrosion, 
with the additional thought that if 
air did not prove entirely successful, 
natural gas would be substituted. 

At one station the hydrogen sul- 
phide content of the raw water, to- 
gether with other corrosive ingredients, 
did not warrant the use of the air 
cushion alone. At this plant it was de- 
sired to remove entirely all oxygen 
from the water. Two methods were 
considered to reach this objective. De- 
aeration might have been possible by 
submitting all circulating water to a 
vacuum after being passed over the 
cooling tower and before being directed 
through the units. It was also possible 
to remove oxygen by direct displace- 
ment with natural gas. The latter 
method was chosen because of its prac- 
tical and economic aspects. An experi- 
mental test apparatus was constructed 
and set up under the advice and with 
the assistance of the chemical depart- 
ment. Numerous test pieces placed in 
the pilot plant were subjected to raw, 
treated, and system water. Identical 
test specimens were exposed to the 
same type water after being gasified. 
These tests resulted in almost complete 
elimination of corrosion on the speci- 
mens in the gas-treated water, but 
severe corrosion was noted on the speci- 
mens subjected to the water not gasi- 
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fied. Based on these tests, a 75 ft. high 
by 5 ft. diameter gasification tower 
was installed at this plant. The system 
has been in operation, with apparent 
success, for six months. Tests of the 
water indicate that 100 percent oxy- 
gen removal is being obtained; steel 
specimens inserted in the stream, how- 
ever, before and after gasification and 
oxygen removal, are the best evidence 
of satisfactory results. The operating 
costs of this type of treatment are low 
as only the small amount of gas not 
completely separated from the water 
is lost, and the remainder of the gas 
goes directly to engine fuel. Test ap- 
paratus is used for control as varying 
quantities of circulating water alter 
the gas requirements. Space does not 
permit the complete development of 
this subject, which could be better 
discussed in a separate article. 

Corrosion control and further cor- 
rective methods may be necessary at 
several plants on the system. Such ad- 
ditional steps will be predicated upon 
the results of corrosion tests on pieces 
now installed in identical positions at 
all stations. At prescribed intervals 
these pre-weighed test samples are re- 
moved and sent to the laboratory for 
checking the weight loss and for ob- 
servation of the type of corrosion 
present. 


Other Conditions Affecting 
Operation 


Within the last six years severe dust 
storms, particularly in Kansas, Okla- 
homa, and Texas, have seriously handi- 
capped operating performance of the 
reciprocating equipment. High winds 
and severe dust conditions have caused 
almost unbelievable wear on crosshead 
shoes and other open parts of the oper- 
ating units. Dust drawn in through 
unprotected free-air intakes causes 
rapid and severe internal wear. Internal 
wear due to dust has been partly ar- 
rested by the installation of air filters 
throughout this area. The efficiency of 
these filters has been augmented by 
water wash. As the main compressor 
building and the structure housing the 
auxiliary equipment are of concrete, 
steel, and sheet-iron construction, it 
has been a difficult task to seal these 
buildings completely against dust in- 
filtration. Some success has been ac- 
complished by soldering the vertical 
seams on the building siding and caulk- 
ing the horizontal seams, eave and 
window flashing with an oil-saturated 
felt. After sealing the buildings, air 
filter equipment has been installed on 
both ends of the main engine building 
and the auxiliary equipment building. 
The combination of washed air con- 
tinually replacing the air in the build- 
ing and the fact that a very slight 
pressure is maintained within the en- 
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gine room satisfactorily solves the in- 
terior dust problem in these structures. 

The problem of maintaining crank- 
case lubricating oil in condition and 
eliminating an excessive content of 
dirt, sludge, and water has been solved 
to a large extent by the use of cen- 
trifuging equipment. At each plant a 
centrifuge unit is in operation 80 to 90 
percent of the time, cleaning the oil 
in each engine while operating, in 
more or less continuous rotation from 
one engine to the next. Further experi- 
ments using filtration through Fuller’s 
earth on oil bypassed from the dis- 
charge of the centrifuge, are showing 
much promise and should improve fur- 
ther the average condition of the 
crankcase oil by the removal of finely 
divided carbon and sludge particles not 
removed by centrifuging. 

There are many additional minor 
problems confronting compressor sta- 
tion operators that are too numerous 
to mention in detail but which, when 
considered as a whole, often constitute 
major operating difficulties. 


Maintenance Program 


Maintenance work on all types of 
equipment, piping, and structures is 
scheduled to begin on the first of Jan- 
uary each year. Each station superin- 
tendent submits a schedule that has 
been designed to best suit individual 
plant conditions. The main schedule is 
in three parts. The work on the main 
gas-pumping units is broken down 
into its various phases, such as power 
pistons, rings, packing, compressors, 
bearings, gears, valves, etc. A comple- 
tion date is set for each item on each 
unit. These schedules may vary quite 
widely at the several plants, but it is 
mandatory that certain specific items 
be overhauled at least once each year 
on all units at all stations. Other 
items, such as main bearings, are left 
to the discretion of the station super- 
visor after he has satisfied himself as 
to the condition of at least one set of 
bearings by close inspection. The sec- 
ond part of the schedule covers the 
auxiliary units that supply power for 
plant use. Overhaul on this equipment 
is scheduled by itemizing the separate 
parts as on the main units. The third 
section of the schedule includes the 
miscellaneous equipment, such as 
motors, circulating water pumps, pip- 
ing structures, machine shop, tools, 
etc. 

All electrical check and repair work 
is handled on still another schedule 
after a complete survey has been made 
by a traveling electrician who works 
under the direction of the plant super- 
intendents. 

A simple followup plan is used to 
check the work completed against the 
schedule as submitted. Schedules are 








subject to revision as conditions war- 
rant. Extraordinary maintenance and 
construction are supervised by the op- 
erating personnel and individual plant 
supervisors and are set up on a sepa- 
rate program apart from the equipment 
maintenance. 

At the start of each year each sta- 
tion is supplied with a printed overhaul 
record form on which are listed all 
items of repair as included in the 
schedules. Completion dates are re- 
corded opposite each item as the work 
progresses. The form also has space for 
the listing of principal spare parts 
used. These forms are utilized for pe- 
riodic reporting and work planning. 
At each year’s end a summary of over- 
haul for the system is prepared, which 
tabulates the total number of indi- 
vidual items overhauled at each station. 
The number of major part replace- 
ments is listed. This summary serves as 
a guide toward budgeting future main- 
tenance expenditures, as well as being 
useful as a control of spare-parts stocks 
for the future. An adequate stock of 
spare parts is of paramount import- 
ance to avoid delay of scheduled work 
because of lack of material. Further 
analysis of such an overhaul summary 
serves several other functions, such as 
determining policy upon method of 
repair, direction of personnel, etc. 


Use of Records in Maintenace 
Work 


Cumulative wear and status records 
have been designed for power and com- 
pressor cylinders, pistons, rods, rings, 
and packing. Records are designed to 
cross-tie all factors contributing to 
wear of either cylinder and rings or 
packing and rods. Wear indexes, ex- 
pressed in amount of wear per 1000 
engine hours, are used to express the 
degree of wear in total as well as the 
wear experienced between inspections 
or overhaul. The comparison between 
the total and period wear indexes de- 
termines the trend and influences fu- 
ture policy as to type of material or 
oil used. Newer types of rings and 
packing are constantly under test, and 
with records of the type in use, de- 
cisions toward change of design are 
based mainly on the records, thus su- 
perseding individual opinions or preju- 
dice. 

Records also are used as the basis 
for long-range planning programs, for 
major part renewals and repair. 

Monthly records giving the lubri- 
cating oil consumption, fuel consump- 
tion and loading, are similar to those 
used on any system. These monthly 
operating records are studied, however, 
in conjunction with the wear records 
as a means of tracing the sequence of 
events causing wear or other operating 
difficulties. 
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NOTHER YEAR has passed with- 

out a new depth record in Cali- 
fornia. In contrast, however, is the al- 
most routine drilling of wells deeper 
than 10,000 ft. with small but con- 
stant increase in speed in completing 
such wells. This progress has been due 
largely to a consistent advance in tech- 
nique and to the improvements in 
equipment that are made to increase 
the efficiency of operation. With few 
exceptions, improvements in equip- 
ment design have not been spectacular; 
but they have been of definite influ- 
ence in the advancement of drilling 
practice. 

What is probably the world’s record 
for speed was made by Superior Oil 
Company in completing its well, Weber 
No. 2, Rio Bravo field, at a total depth 
of 11,450 ft. in 36 days and 9 hours. 
The well was spudded-in on March 22, 
1940, and was on production April 
27, 1940. In this well 1234-in. surface 
pipe was cemented at 2027 ft.; 7%-in. 
casing cemented at 11,199 ft.; 268 ft. 
of 534-in. liner landed at 11,450 ft., 
and 2'4-in. tubing set at 10,513 ft. 


In the deeper Wasco field a new 
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This large unitized drawworks, used 
for deep drilling, requires four cranes 
to set it on structural steel foundation 
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Advancements In Drilling 


Technique In California 
By WALLACE A.SAWDON 


Pacific Coast and Foreign Editor 


record for rotary drilling in that field 
was made by Continental Oil Com- 
pany in drilling its well, K.C.L. No. 
A-5, when 12,878 ft. of hole was 
drilled in 51 days. At this depth a 
string of 6%-in. casing was cemented. 
After cementing the surface pipe at 
995 ft., the hole diameter was de- 
creased from 11 in. to 8% in. by 
steps from 995 to 11,039 ft. From 
this depth the 8'-in. hole was carried 
to 12,878 ft. 










P 425. 


Fig. |. Casing programs of wells 
drilled during the last few months in 
some of the more active California 


fields 
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Drilling speed has also increased in 
the medium-depth wells completed at 
about 8000 ft. The fastest completion 
at these depths has been Shell Oil Com- 
pany’s well, KCL B-38-21, in the Ten 
Section field, which was spudded-in 
May 1, 1940, and put on production 
May 26, 1940, after reaching a total 
depth of 8204 ft. An 1134-in. surface 
string was cemented at 1001 ft., 7-in. 
casing at 8130 ft., and 95 ft. of 5'/4- 
in. liner landed on bottom. A 2'-in. 
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tubing string was sect at 8186 ft. Al- 
though not comparable with the Rio 
Bravo well cited because of the greater 
depth of the latter, the average depth 
drilled per day in the two wells was 
virtually the same. 

Rotating speeds have now been ad- 
vanced to as high as 750 r.p.m. but 
only one company has used speeds 
greater than 500 r.p.m. Top speeds are 
not carried for the entire depth of the 
well, the maximum being used just 
below the surface string. Remarkably 
fast, straight hole has been drilled with 
these high speeds but an intelligent co- 
ordination of equipment and technique 
has been necessary with high-speed ro- 
tation to accomplish the desired re- 
sults. Few operators are using speeds 
even as high as 400 r.p.m. but there 
is a definite trend toward increasing 
the speed of rotation in many fields. 

Although fast rotation has an influ- 
ence on the progress of making hole 
it is not the only factor of speedy 
drilling. Not for comparison, but as a 
matter of interest, it may be noted 
that the Rio Bravo well mentioned 
above was drilled with a maximum ro- 
tating speed of slightly more than 400 
r.p.m. and the Wasco well with a 
maximum speed of 250 r.p.m. Both 
of these were deep wells; but the sub- 
surface conditions differed to some ex- 
tent and the surface equipment used 
on the Rio Bravo well was the largest 
and the most advanced design ever 
used for rotary drilling. 


Surface Equipment 


Two new drawworks of a size larger 
than any previously used have been 
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The set-back extension that can be 
seen on the right of this 136-ft. der- 
rick with 26-ft. base provides addi- 
tional racking space for drill pipe 





put in service during the last six 
months. One of these is drilling in the 
Greeley field and, supplied with either 


=i 











3 or 4 speeds, has multiple jaw 
clutches. The brake rims are 60 in. in 
diameter, the drumshaft 10% in., 
and the lineshaft 9 in. The diameter 
of the spooling drum is 34 in. with a 
spooling space 41 in. long, giving a line 
capacity of 3490 ft. of 1%-in. line. 

The other drawworks, in service in 
the Rio Bravo field, has three shafts, 
three speeds, and an air-operated fric- 
tion clutch on the high drive to the 
drumshaft. A combination low- and 
second-speed drive through a multiple 
jaw clutch has a gear tooth spline 
drive to the drum. The brake rims are 
62 in. in diameter by 10% in. in 
width. The drum diameter is 32 in. 
and the length 577% in. It is grooved 
for 14%4-in. line and provides for spool- 
ing 1080 ft. of this size line in less 
than three layers. Both of these large 
drawworks are mounted as units with 
double rotor hydromatic brakes on the 
end away from the driller’s position. 

The contemplated use of 1-in. 
line has not materialized and it is 
doubtful if lines larger than the 11%4- 
in. now in quite general use in the 
deep fields will be employed, at least 
in the immediate future. The larger 
diameter line would necessitate larger 
sheaves in the crown and traveling 
blocks although the new designs in 
blocks, some of which have been de- 
veloped during the last few months, 
are being equipped with sheaves meas- 
uring 50 in. in diameter at the rope 
groove. The latest type blocks are con- 
structed with drums instead of shafts, 
which makes the sheaves virtually rims 
with large diameter roller bearings. 
The traveling blocks have been stream- 
lined to provide the greatest clearance 
possible in the restricted space result- 
ing from racking the long strings of 
drill pipe necessary in drilling to great 
depths. 

Adequate clearance for pipe is pro- 
vided by the 176-ft. derrick with 
which 120-ft. stands are used for 4'/2- 
in. drill pipe and larger sizes. This 
height derrick with a 32-ft. base is 
used exclusively in some of the deeper 
fields but the 136-ft. derrick with 30- 
ft. base is preferred by some operators 
even for deep drilling. There now 
appears to be a trend toward use of a 
150-ft. derrick with 32-ft. base, which 








This late-type drawworks is on a well 
in the Rio Bravo field, California. 
The table is driven by a 

separate engine. 


is designed to handle long drill pipe 
strings in 90-ft. stands and yet give 
adequate clearance for the traveling 
block when all pipe is out of the hole. 

The latest design in derrick con- 
struction, introduced in California 
provides a set-back extension on one 
side of the derrick. This set-back is ob- 
tained by extending the bracing be- 
yond two of the legs to a point just 
above the derrickman’s platform. The 
pipe as it is pulled is racked in this ex- 
tension; with the top of the first stands 
outside the normal legs of the derrick, 
this design provides a greater working 
area at the platform where clearance 
for the traveling equipment is mini- 
mum. The set-back extension thus far 
has been employed only in 136-ft. der- 
ricks; its use with this height derrick 
provides the necessary racking space 
for 90-ft. stands of drill pipe being 
employed in drilling to depths below 
10,000 ft. 

The elevated derrick floor resulting 
from the use of steel substructures 
eliminates the need for deep cellars 
and is coming into more general use. 
Structural steel substructures provide 
support for the engines, drawworks, 
and flooring and these are being fab- 
ricated ready for installation. The 8- 
ft. elevation is usually employed but 
the Superior Oil Company is building 
the floors for its wells at Rio Bravo 11 
ft. above ground level. The elevated 
floor not only facilitates operation of 
cellar equipment at the wellhead but 
also provides better clearance when the 
individual drive for rotary table is 
placed below the derrick floor. 

Although both the direct-connected 
rotary drive with vertical steam en- 
gine placed on the derrick floor, and 
the chain-driven table powered by a 
horizontal steam engine situated below 
the floor are still the conventional 
methods for individual rotary opera- 
tion, a new combination rotary drive 
and stand-by unit has recently been 
installed at Rio Bravo and has already 
been used in drilling several wells. The 
prime mover of this unit, which is set 
on the derrick floor opposite the draw- 
works, is a horizontal steam engine 
that drives both the rotary table and 
stand-by hoist, thus eliminating the 
engine otherwise placed below the der- 
rick floor. A power transmission shaft 
is chain-driven by the engine and the 
rotary table is driven by an extended 
shaft from a beveled gear on this trans- 
mission shaft. Control of operation of 
the rotary machine and of the stand- 
by hoist is from the driller’s position 
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at the drawworks but the stand-by 
hoist, which is chain-driven from the 
power transmission shaft, can also be 
operated at a stand-by position. The 
hoist itself can be omitted from the 
unit and the engine then used to drive 
only the rotary machine by means of 
the driveshaft through the power 
transmission shaft. 

The 15 by 14 horizontal engine 
using 500-lb. steam is still the excep- 
tion for driving the drawworks; the 
14 by 14 twin horizontal and 12 by 12 
twin vertical engines using 350-lb. 
steam are the ones widely employed 
for deep drilling operations. These en- 
gines have developed sufficient power 








A typical cellar control hookup with 

a pressure-controlled blowout pre- 

venter set above a gate having full- 
closing rams 





for depths thus far penetrated al- 
though it is obvious that the more 
powerful engine has a reserve power 
that facilitates the handling of long 
strings of drill pipe and casing and 
perhaps increases the speed of making 
round trips. 

The 500-lb. steam boilers form the 
nucleus of the exceptionally large equip- 
ment installations of the Superior Oil 
Company, which include two 1514 by 





91%, by 22 pumps for circulation. No 
other company has yet employed steam 
pressure of more than 350 lb. but 
pumps are generally of the larger sizes, 
when this steam pressure is used. Large 
volume and high pressure are necessary 
for mud circulation in the several deep 
fields of California and steam pumps 
to 18 by 8 by 20 and power pumps to 
7 by 20 driven by 10 by 9 vertical 
twin steam engines are used. Super- 
heated steam, supplied by superheaters 
either built integral with the boilers 
or as a separate unit for the steam gen- 
erating plant, is virtually universal for 
deep drilling. 

Power rigs driven by internal-com- 
bustion engines have been installed in 
several fields for drilling below 10,000 
ft. These rigs are comparable to the 
large steam equipment as is evident 
from the size of drawworks included 
in the units. The brakes are 54 in. in 
diameter by 10 in. wide and the drum 
has 56-in. flanges with a spooling space 
of 48 in. that gives a capacity of 
5350 ft. of 1%-in. line. The rigs of 
this type recently put into service in 
California have internal-expanding 
friction clutches that are self-ener- 
gized, air-operated, and water-cooled. 

Two engines are used for the power 
rigs and on the deep installations are 
frequently 350 hp. each. The fuel is 
generally gas but in some fields butane 
or Diesel engines have been employed. 
The engines are combined to power the 
drawworks, rotary machine, and mud 
pumps. The pumps are driven by mul- 
tiple V-belts; the drawworks and table 
by chain. 

Drilling Strings 

As high pressures and large volumes 
of circulating fluid have become neces- 
sary in deep drilling operations, there 
has been a trend during the last year 
to the use of as large a diameter drill 
pipe as is practicable. A 5;%-in. drill 
string is frequently employed to 
depths ranging from 8,000 to 10,000 
ft., especially in the San Joaquin Val- 
ley fields. In drilling from this depth 
to the casing point in wells completed 
below 11,000 ft., 414-in. pipe is em- 
ployed. After the casing is cemented 
the cement is drilled out and the well 
carried to bottom with 3'-in. drill 
pipe. One company, however, drills to 
10,000 ft. with 54%-in. drill pipe and 
then, instead of laying this string 
down, puts a 414-in. “stinger” on the 
bottom to drill to the casing point. 
This not only saves making-up a com- 
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CARDWELL DRAWWORKS, buit by 


Cardwell Mfg. Co., Wichita, Kansas, use 
Hyatt Roller Bearings in the transmission 
and on the drums. No wonder they turn so 
quietly and smoothly, and are so depend- 
able and carefree. 
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ON HYATT ROLLER BEARINGS modern 


machines turn to the advantage of greater pro- 
duction, and profits. Everywhere... in mill and 
factory, in mines and oil fields, on the farm, on 
railways, highways, and construction jobs .. . it’s 
just one good turn after another when shafts, 
gears, and wheels run on these dependable bear- 
ings. Where can we help you? Hyatt Bearings 
Division, General Motors Sales Corporation, 
Harrison, New Jersey; Chicago, Pittsburgh, 
Detroit and San Francisco. 
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plete 41-in. string but also keeps 
down pump pressure to some extent. 

In addition to the A.P.I. regular, 
full-hole, and internal-flush types of 
tool joint, most of the special designs 
now available are in service in the va- 
rious California fields. It was not until 
comparatively recently that the prac- 
tice of welding the A.P.I. joint to the 
pipe in addition to bucking it on came 
into vogue but the practice has now 
become somewhat general. Specific 
types of the special designs of tool 
joints are preferred by individual oper- 
ators; and when it is remembered that 
great distances of open hole often have 
to be carried, that rotation is fre- 
quently at high speed, that pressures 
may be great, and that round trips are 
time factors in deep wells, it is evident 
that considerable attention should be 
given to the selection of tool joints. 

Internal-upset joints are more or less 
general in 54%-in. drill pine and in- 
ternal-flush joints in the 414-in. and 
smaller sizes. External-flush-joint, in- 
ternal-upset drill pipe is used when 
clearance is small or when drilling 
through drilling packers. Drilling con- 
ditions obviously influence the selec- 
tion of kind of joint. Although the 
use of over-size tool joints is not gen- 
eral there are a number of operators 
who favor them. 

The use of long drill collars to give 
weight just above the bit and thus 
keep all the drill pipe in tension has 
been an important factor in keeping 
holes straight. Controlled vertical 
drilling is an established practice ex- 
cept when slant-hole drilling is to be 
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carried out. Most slant-hole drilling at 
this time is being done in the Hunt- 
ington Beach field and in the harbor 
district of the Long Beach Harbor- 
Wilmington district. 

Until about a year ago the octagonal 
kelly was coming into wide use. Be- 
coming evident, however, is a trend 
toward the use of a hexagonal kelly, 
which appears to provide all the ad- 
vantages of the octagonal type over 
the square kelly and yet eliminates the 
rapid wear on the edges of the octa- 
gonal type. There also seems to be but 
little difference in the wear caused by 
the octagonal and hexagonal types on 
blowout preventers or packers. 


Casing 


The higher-strength steels obviously 
have had considerable influence on cas- 
ing programs, especially in the deep 
fields. The new grades of casing per- 
mit the safe use of long strings but 
the present technique in drilling has 
probably been the chief reason for the 
two-string programs being used in the 
various deep fields over the state. In 
Fig. 1 the casing programs followed in 
recently completed wells in a number 
of the active fields are indicated. All 
except one of these are two-string 
programs although in one or two 
fields, such as Kettleman Hills and 
Wasco, three-string programs are also 
used. Five or six years ago wells drilled 
to 8000 or 9000 ft. were generally 
cased with four strings and sometimes 
with a complete liner from the sur- 
face within the last string. 

Formations in these fields favor the 
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The two pumps in the background are 
the largest size applied to oilfield 
service. The pump in the foreground 
is an auxiliary unit for pumping mud 
to storage, ter mud mixing, and for 
other surface operations 
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carrying of great distances of open 
hole necessary in two-string programs. 
At first it was believed that a pro- 
tector string would be necessary in all 
wells in the Wasco field but the latest 
well completed there did not use such 
a string. The step-down method of 
drilling is believed by many to have 
been of considerable influence in drill- 
ing this well with 11,883 ft. of open 
hole from the shoe of the surface pipe 
to the landing point of the 65%-in. 
string at a depth of 12,878 ft. This is 
not the longest string of casing run 
in California, however, as a 7-in. string 
was cemented at 13,100 ft. in another 
well at Wasco. 

Casing with special joint design as 
supplied by different manufacturers is 
widely used and has been found to 
speed the running of a string to a con- 
siderable extent. The new A.P.I. 
rounded-thread joint has become pop- 
ular during the last year but there are 
some operators who favor strongly the 
older V-thread type. 

The welding of joints of surface 
strings has been popular for a long 
time. There has recently been an in- 
crease, however, in the use of screwed 
joints having a special thread design. 
Each joint of this casing is made with 
one end forming the pin end and the 
other end is upset to provide the box 
end. The joint design is not new, be- 
ing the “two-step” thread type joint 
used for drill pipe and casing for many 
years. Its adaptation to large, light- 
weight pipe used for surface strings 
is, however, comparatively recent. 

On the casinghead, blowout pre- 
venters and cellar control gates are 
used for shutting-in the well both 
when the pipe is in the hole or for full 
closing when the drill string has been 
withdrawn. At the present time, how- 
ever, there is no drilling to any extent 
being done under pressure and none 
through rotating blowout preventers. 
What little rotation is carried on while 
there is pressure on the well is done 
through the blowout preventers and 
there seems to be little harm to the 
equipment from such practice. 

A couple of blowouts during the 
last year have focused the attention of 
the operator on the necessity of testing 
the control equipment regularly, as the 
equipment in the wells that blew out 


THE PETROLEUM ENGINEER, Midyear, 1940 

























































Id 
nd 
id 


or 








OO = 


~ 


ww 








WAY — ~ 


f 
Ps 


FIG. 1640 © » 150 1b.S.P. 
i. 6. B.M. 225 Ib.W.0.G. 





THE PETROLEUM ENGINEER, Midyear, 1940 











No. 4 OF 
A SERIES 


Providing Truly Practical Drain Channels, plus Bronze 
Stem-Thread Bushings Cast Right into the Bonnet... 


iILUNKENHEIMER 


“KING-CLIP” 
GATE VALVES 


ARE “CORRECTLY 
ENGINEERED’ FOR 
MAXIMUM ECONO- 
MY ON THE JOB! 


Here is a Lunkenheimer product in 
which “engineered superiority’ is 
discernible even before you take it 
apart. Aside from the obvious rug- 
gedness of its well-proportioned 
iron body and the extra long pipe 
threads, which are provided to 
eliminate any danger of jamming 
pipe against seat rings, you will see 
evidence of the "King-Clip’s” 
larger, full-flowing drain channels which permit the escape of even heavily 
congealed fluids from the upper bonnet chamber when the valve is open. 


This feature alone has much to do with the more dependable performance 
you can expect from this ‘King of the Clip Valves." But Lunkenheimer's 
distinctive stem-thread bushing design, also gives evidence of superior 
engineering. 


To assure non-corrodible internal working parts, a non-ferrous alloy bear- 
ing is cast into the bonnet. This construction also makes possible the perfect 
alignment of bonnet and stem threads, ensuring easy operation, and 
eliminating a common cause of thread wear. The bearing is so positioned 
that all stem threads are in contact with it at all times, thus providing 
smooth, full-thread operation, both open and closed. 


SEEING IS BELIEVING! 


Why not let your eyes be the judge of Lunkenheimer's more certain 
ability to serve you better and at less cost? Our distributor's salesman 
will gladly demonstrate at your desk the features mentioned above, and 
describe the various other phases of design and construction that enable 
LUNKENHEIMER "KING-CLIP" VALVES to give you economical 
trouble-free service. 


ESTABLISHED 1862 
THE LUNKENHEIMER Co. 
— QUALITY’ = 
CINCINNATI, OHIO. “ S.A. 


NEW YORK CHICA 
BOSTON PHILADELPHIA 


EXPORT DEPT 318.322 HUDSON ST. NEW YORK 


Send for copy of our new Cato- 
log No. 78. We will include our 
handy “Guide,” which makes 
selection easy by grouping 
valves, boiler mountings and 
lubricating devices according 
to pressures, temperatures and 
service applications. 























































had been in service for a long time 
without any attention being paid to 
whether or not the control gates were 
corroded or mudded-up. Remote con- 
trol of the cellar equipment has long 
been used but the desirability of elim- 
inating manual operation of gates and 
preventers is now more generally rec- 
ognized. The recently developed gate 
closing engine for opening and closing 
gates through torque rods has been in- 
stalled in several fields. Blowout pre- 
venters and some types of gates are 
used that operate with pressure con- 
trol, the pressure usually being sup- 
plied by the boiler feed pumps and 
controlled by valves placed conveni- 
ently either on or off the derrick floor. 


Mud Control 
The mud fluid used in drilling wells 


in California fields has not been ex- 
cessively heavy. Probably the greatest 
weight being carried is through a par- 
ticular formation in the Wasco field 
where mud as heavy as 100 Ib. per cu. 
ft. has been employed. The average for 
the deep fields, however, is not more 
than 78 to 85 lb. and weights above 
90 lb. are somewhat uncommon. The 
use of these comparatively lightweight 
muds for drilling the deep fields of the 
San Joaquin Valley is, however, de- 
pendent on continuous conditioning of 
the fluid and, in cases where the for- 
mation produces an appreciable 
amount of gas, to proper degassing of 
the gas-cut mud and its additional 
conditioning when necessary. 

Weight is, of course, provided by 
the addition of weight material. The 
necessary colloidal concentration in the 
fluid is sometimes supplied by the for- 
mations drilled but may have to be 
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fortified by the addition of prepared 
bentonite. Of considerable importance 
during the last year is the increased 
use of chemical control of the mud 
fluid, employing field tests to guide 
the chemical control. 

Chemical treatment is most widely 
applied for deflocculation and reduc- 
tion of viscosity. At the present time 
two of the complex phosphates are ex- 
tensively used—tetra-sodium pyro- 
phosphate and sodium tetra-phosphate. 
The former seems to be the more popu- 
lar and although it has a very high al- 
kalinity it is more stable with muds 
under high temperature. It is used to 
deflocculate the mud and allows the 
hole to make fluid. The sodium tetra- 
phosphate is less alkaline and is fre- 
quently applied to mud fluids previ- 
ously treated and to those contami- 
nated with salt. 


Thinning of the mud fluid is widely 
done with tannic acid (quebracho or 
chestnut extract), which seems to help 
stabilize the colloidal material con- 
tained in the mud. This chemical has 
been used as a deflocculating agent as 
has also sodium silicate. Sodium silicate 
alone, however, when used in large 
quantities, may cause flocculation and 
is therefore more frequently used with 
other chemicals such as quebracho. 

The advantage in the use of chem- 
icals is obvious but there is a possibility 
of over-use that may harm the mud 
fluid. The amount must be gauged by 
well conditions and the tests made on 
the fluid. The quantity of pyrophos- 
phate added to the mud under normal 
conditions by one operator in the Rio 
Bravo field is 1 lb. per ft. of depth. 
This seems to be about the average for 
several other operations but a sudden 





The derrick floor on this rig is 1 ft. 
above ground level, an elevation ob- 
tained by extended derrick legs 
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change in the condition of the mud 
may make the proportion totally 
wrong. 

Two new degasser designs have been 
put into service in the San Joaquin 
Valley fields during the last year. One 
of these causes the gas-cut mud to 
flow in sheets from slots cut in short 
lengths of pipe. These sheets of fluid 
meet and drop down to the ditch in 
which they are carried to the circu- 
lating stream or to storage. This type 
degasser has been found very effective 
in restoring mud to approximately its 
original weight. 


The other new type of degasser is 
made of a 20-in. cylinder 15 ft. in 
height containing a number of baf- 
fles and nozzles. The mud enters the 
top and is discharged from the bottom, 
being forced through the jets and pass- 
ing over the baffles. A vacuum is car- 
ried in the cylindrical chamber to re- 
duce the oxygen content of the fluid. 


Flake mica has recently come into 
limited use as an admixture with mud 
fluid to reduce loss of water from the 
mud into highly permeable sands. The 
addition of mica, however, is probably 
more applicable for overcoming a mild 
loss of circulation and for use when 
drilling non-fractured but very porous 
formations. A mixture of mica flakes 
ranging in size from 3/16 in. to 1/64 
in. is added in proportions of two to 
five percent over periods of relatively 
short time. The mica becomes en- 
trained in the mud cake and soon dis- 
appears after its addition. 


Limestone is also added to the mud 
by some operators to obtain additional 
weight to a limited extent and to form 
a carbonate mud fluid. The carbonate 
fluid forms a mud cake easily removed 
from a producing sand and one that is 
readily disintegrated preparatory to ce- 
menting. 


Scientific Advancement 


To an extent greater than ever be- 
fore has the adoption of scientific 
methods advanced drilling practice in 
California. This applies to the design 
and improvements of equipment, to 
the methods of using this equipment, 
and to utilization of subsurface infor- 
mation in guiding drilling operations. 
Not only the major companies but 
also the smaller operators are employ- 
ing the latest designs in equipment and 
are following the precepts of modern 
technique to the fullest degree pos- 
sible in order to increase economy and 
efficiency of operation. 
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Although the removal of salt from crude oil usually can be accomplished moze 
economically at the refinery, there are specific instances when it can be done more 
advantageously at the point of production in the field. 

In stabilizing operations as illustrated above, for example, the Petreco elec- 
tromatic de-salters are buttoned directly into the crude stream so that existing heat 
and labor are utilized. This Petreco installation plays an important part in the stabil- 
izing plant and unitized recycling operations of one of the large oil producing 
companies in Southern Louisiana. 

Whatever your salt problem, let Petreco engineers investigate and recommend 
the most effective procedure. This preliminary service entails no cost or obligation 
on your part. 


PETROLEUM RECTIFYING COMPANY of CALIFORNIA 
General Offices: 530 West Sixth Street, Los Angeles, California 
Gulf Coast Headquarters: Houston, Texas 
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Recent Developments in Recycling 





CARCELY more than two years 
have passed since Portex Oil Com- 
pany began the operation of a small 
recycling plant in Agua Dulce field, 
near Corpus Christi, Texas, and since 
the first unit in the Tide Water Asso- 
ciated Oil Company-Seaboard Oil 
Company plant at Cayuga, Texas, was 
turned over. In the intervening period 
19 additional plants have been com- 
pleted, five are in various stages of 
construction, and seven more projects 
are assured or are on the drawing board. 
In the latter are included three plants 
that will be the largest constructed to 
date and productive of the largest vol- 
ume of distillate per plant. 

Processes used in these plants vary 
considerably both because of the differ- 
ence in the composition of the gases 
treated and because the art is new. Re- 
finements and improvements are to be 
expected. The three primary operations 
may be described as: 

(1) The mechanical refrigeration 

and retrograde process; 

(2) The regenerative cooling and 

retrograde method, and 

(3) The absorption process operat- 

ed at high pressure. 
In some plants combinations of these 
processes have been found desirable and 
were installed. 

Plants in operation, under construc- 
tion, or definitely planned as of the 
date of this issue, are listed in Table 1. 

The trend during the last year has 
been toward larger plants. This is not 
dificult to understand because the 
same economics apply in this type of 
operation no less than in the case of 
natural gasoline plants. A large part of 
the investment in a distillate project is 
made up of service and utility depart- 
ments embracing such items as power 
plant, real estate, water system, fence, 
yard piping, laboratory, warehouse, 
tool shop, fire-fighting equipment, 
loading line, loading rack and spur, 
rectification equipment, and a variety 
of other items of this nature. Except 
in the case of power equipment, the 
investment for these utility items is 
not materially different in the case of 
a 50,000,000 cu. ft. plant than it is in 


116 


Operations 


By EMBY KAYE 


Distillate Engineering and Processes Company 











EMBY KAYE 


is a graduate of Harvard University 
—His affiliation with the petroleum 
industry began in March, 1919, with 
the Skelly Oil Company, Tulsa, Okla- 
homa—He became superintendent of 
the Natural Gasoline Department 
and later vice-president in charge of 
refining, which position he retained 
until April, 1938—Later he became 
associated with Tide Water and 
Seaboard in their joint recycling 
projects—Recently he became affili- 
ated with Distillate Engineering and 
Processes Company, formed the 
early part of the year to consolidate 
various patents pertaining to recy- 
cling processes and serve as the 
licensing medium for such processes. 



















































































a 75,000,000 cu. ft. plant. When it is 
considered that these sundry items rep- 
resent anywhere from 25 to 50 per- 
cent of the cost of the plant, it is not 
difficult to realize that a substantial 
saving may be made in the cost of pro- 
duction in the case of a larger plant. 
Frequently this saving is the difference 
between a profitable and unprofitable 
operation. 

An interesting development in con- 
nection with recycling is the trend to 
larger compressor units. In the gaso- 
line plant of 20 years ago the 80-hp. 
engine was the rule but presently this 
gave way to twin units of 160 hp. 
Greater efficiency in cooling, fuel in- 


jection, and purging of exhaust gases 
gradually brought these twin units to 
190-200 hp. In 1929, Skelly Oil Com- 
pany employed 320-hp. engines in its 
Schafer gasoline plant near Pampa, 
Texas, to bring about a lower overall 
investment and maintenance cost in 
what it considered a large long-life 
plant. But in today’s recycling plant 
600- and 800-hp. units are the rule 
rather than the exception. It is worth 
noting that whereas it requires an 
average of 100 hp. to process 1,000,000 
cu. ft. of gas in a low-pressure gasoline 
plant, 40 hp. is required to compress 
the same volume of gas in an average 
recycling plant where the gas is treated 
at 1500 Ib. and recompressed to 3000 
lb. Operating conditions at these and 
higher pressures have brought no new 
problems. On the other hand, the use 
of large units has been justified both 
from the standpoint of first cost, com- 
pactness, and maintenance. 


The factor affecting the profitable- 
ness of recycling operations that has 
been given widespread consideration in 
the last year is one of marketing. After 
all, the ultimate price received for the 
product in the end determines whether 
a particular operation is, or will be, 
profitable. For this reason many of the 
newer installations have incorporated 
provisions for the manufacture of end 
products. If the raw material permits 
the production of end products the 
operator has a more flexible situation if 
he can so operate his plant as to pro- 
duce either an unfinished distillate to 
be sold to the pipe line for ultimate 
processing in an established refinery or, 
if that market is unavailable or avail- 
able only at an unsatisfactory price, he 
may process the raw distillate into 
natural gasoline, motor fuel, and kero- 
sine-distillate. In some areas this latter 
operation might be desirable as a reg- 
ular practice, but in other areas the 
price available for raw distillates is 
more attractive to the operator. The 
latter should be the preferred operation 
in the long run. The manufacture of 
ultimate products is not properly in 
the sphere of the plant operator and 
should be resorted to, in the opinion of 
the writer, only in the case of absolute 
necessity. 
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Coastal Recycling Corporation's plant near Corpus Christi, Texas 
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As a general rule the 400 endpoint 
cut produced from gas distillate has a 
relatively low octane number, on the 
order of 50-55, although some mate- 
rials have shown octane numbers on 
the order of 60-65. Much considera- 


for the long pull, gas distillate will not 
only be in demand in preference to 
crude oil, but that it will bring a price 
more or less commensurate with its 
value as a gasoline-producing raw 
material. 


year more consideration has been given 
to the location of wells, particularly 
of input wells. Moreover, the comple- 
tion of input wells has become a rather 
special operation with the result that 














j some of the wells completed for this 
) tion has been given by various opera- The following inspections of typical purpose have demonstrated an excep- 
| tors to the production of high octane distillates from different wells or fields, tional performance. An interesting dis- 
y motor fuel by reforming, but to date attest the value of these raw materials cussion of this subject is to be found 
e no serious steps have been taken to for gasoline production: in a recent article.’ 
’ effectuate such an operation. There are 
i several areas, however, in which such | ] 

a development is more than likely. A | B C | dD 

Sask ont : a 
. Such motor fuel as is produced today is Sao as 57.5 | 59.0 | 83.0 | 61.7 
: utilized either in the third grade gaso- Color (Saybolt)...-. 5... is | 16 | 30. | 20 
: line market or is brought into the reg- REE Gs cote ous kcaunces Neg. | Neg. Neg. Neg. 
, ular grade by the addition of tetra- “ee patetas<uscas aeeie ms | — — a” 
. ° e Rvevenseveséiescaees | 0 vo 

e ethyl lead. The bulk of the production, a eer ee | 180 158 81 156 
; however, moves as raw distillate kee 212 | iss 92 181 

through the channels of crude-oil pipe  Dieckith akichenngaicah acne | 244 CO 218 | 106 200 
, lines. 40 See EMOTES TCE OO % | 277 248 l 24 | 220 
; DSi ects | 303 | 292 *| 145 | 288% 
It is the judgment of the writer that ths ncn ats nianatie 355 | 316 170 244 
| the refiners and transportation com- Sere ees | 400 | 361 199 291 
: panies have not properly evaluated dis- cc 450 420 234 330 

: : iis Bop dike Suen sees 527 500 293 408 
, tillate, or are unable to place a fair a a ae 664 | 620 385 498 
f value upon it because of existing pro- Recovery, percent........ 96.5 | 96.5 | 95.0 96.5 
; cessing facilities in their various plants. Residue, percent......... | 2.5 | 1.5 | 1.0 | 1.5 

It would appear that a 60-gravity dis- | 


tillate, as available in some fields, con- 
taining 70 percent straight-run gaso- 
line and at least 20 percent cracked 
gasoline (produced from 30 percent of 
the distillate represented by a kerosine- 
distillate cut) or a total of 90 percent 
gasoline, and some 8 percent fuel oil, 
with a gasoline sweet to the doctor, 
non-corrosive, and stable to sunlight 
with only a slight trace of sulphur, and 
with an octane number of 40 or above, 
and with extraordinarily high lead sus- 
ceptibility would be worth consider- 
ably more than top quality 50-gravity 
crude. The writer has estimated the 
difference in value at the refinery at 
something like 25 cents per bbl. Cer- 
tainly it is not too much to expect that 











Although the industry is yet too 
new to have developed a back-log of 
experience of the behavior of gas re- 
turned to a high-pressure reservoir, a 
beginning has been made in this direc- 
tion. The alert eye of the engineer is 
watching the operations in the vari- 
ous fields with a view to proving the 
several theoretical bases that have been 
developed for determining the move- 
ment of gas in the reservoir. 


In a great many of the fields wells 
already drilled were utilized both for 
output and input purposes, either with 
or without the recompletion of the 
well for the particular service for 
which it was to be used, but in the last 


Very interesting studies by Swearin- 
gen” and by Reid® offer considerable 
help both in suggesting most suitable 
well patterns and in determining prob- 
able recovery of distillate from known 
reserves. The extent to which gas or 
liquid is removed from the reservoir is 
necessarily a factor in these calcula- 
tions because of the effect of pressure 
reduction in the reservoir. Such pres- 





1‘*Gravel-Packing 4 —¥ Wells for Recycl- 
ing Gas Is Important Phase of Completion’’, by 
H. Lee Flood, The Petroleum Engineer, June, 
1940. 

“Predicting Wet Gas Recovery in Recycling 
Operations,’’ by Judson S, Swearingen, The Oil 
Weekly, December 25, 1939. 

3*‘Application of Radial Flow Calculations to 
Gas Recycling Problems’’, by Laurance S. Reid, 
The Oil Weekly, June 26, 1939. 
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sure reduction has been fatal to one 
Texas field and in one important Loui- 
siana field the operators are vitally con- 
cerned with this problem. It may have 
an important bearing upon the ulti- 
mate plan of development. 

Although today the average recycl- 
ing plant produces either raw distillate 
or motor fuel and heavier ends as indi- 
cated before, several plants are produc- 
ing in addition thereto, quantities of 
natural gasoline. In view of the avail- 
ability of both natural gasoline and 
excess butane, particularly when motor 
fuel and heavier products are manu- 
factured, it is an obvious procedure for 
future plants to incorporate facilities 
to preduce increasing quantities of 
these materials. There will be problems, 
of course, which will need solution if 
development takes this trend. One of 
the preblems will be that of transpor- 
tation. 

Transportation 

With the increased utilization of 
light ends, such as butane, in polymer- 
ization operations and in the industrial 
fuel markets, larger volumes of natural 
gasoline and butane have found their 
way into crude-oil pipe lines, partic- 
ularly where those lines served the in- 
tegrated company’s own refinery oper- 
ations. The refinery is able to handle 
these light ends with efficiency and in- 
ordinately low losses, taking into ac- 
count of course the extraordinary sav- 
ings in transportation and handling. A 
subsidiary advantage, particularly in 
the winter, is the reduction in viscosity 
of the crude oil stream, and the in- 
creased capacity of the pipe line sys- 
tem as a result. The pumping of 
natural gasoline and butane in this 
manner has presented individual prob- 
lems, each solved by whatever means 
adopted by the particular operator. 
This method of transporting butane 
and natural gasoline is thus firmly 
established. It follows, therefore, that 
natural gasoline produced in recycling 
plants situated in fields served by crude 
oil pipe lines should find an outlet 
through these pipe lines. Refinery bu- 
tane consumed in thermal polymeriza- 
tion, or unsaturates catalytically poly- 
merized can thus be replaced or in- 
creased economically. A refinery having 
a market for industrial fuels thus finds 
a relatively cheap source of raw mate- 
rial. As to distillates heavier than nat- 
ural gasoline and composed of hydro- 
carbons wholly, or almost entirely 
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within the range of motor fuel and 
kerosine, no particular problem is in- 
volved for the pipe-line operator trans- 
porting crude oil for the ordinary pur- 
poses of refining. The addition of light, 
sweet, non-corrosive material, partic- 
ularly within the light oil range, should 
greatly improve the character of the 
stream and enhance the value of the 
crude oil at the refinery in accordance 
with suggestions made earlier in this 
article. Subsidiary benefits referred to 
in the case of natural gasoline and bu- 
tane also result from the introduction 
of quantities of this type of distillate 
because of the exceedingly low vis- 
cosity of the material. 


Reforming Imminent 

Although, as noted earlier, no re- 
forming installations have been made 
to date in connection with recycling 
projects, it is decidedly within the realm 
of probability that one or more instal- 
lations of this type will be made. The 
requisite for an economic reforming op- 
eration is a substantial quantity of dis- 
tillate available at one site over an ex- 
tended period of time. Operators have 
wanted to “feel” their way, of course, 
in developing their production of dis- 
tillate as a primary operation before 
making the enormous investment neces- 
sary for cracking or reforming so long 
as the supply factor is not certain be- 





TABLE | 
Plants in Operation 





Operating company 


Location 


Capacity 





Cu. ft. perday | Gallons 





Tide Water-Seaboard 

Tide Water-Seaboard 

Tide Water-Seaboard 

Byrd-Frost (Anco) 

Trinity Gas Corporation 

Agua Dulce Corporation 
Lockhart Petroleum Company. . . 
Coastal Recycling Company 
Corpus Christi Corporation 
Hosev Harrell 

Portex Oil Company 

Process Oil Company 
Abercrombie-Harrison 

Sun Oi] Company 

Sun Oil Company 

McCoullum 

American Liberty Oil Company. . 


Trinitv-Lone Star Gas Company... 
Gulf Plains 





SURE B02 50000 
Cayuga 2......... 
Long Lake 

Long Lake........ 
Long Lake........ 
Corpus Christi... . 
Corpus Christi... . 
Corpus Christi... . 
Corpus Christi... . 
eee 
Logansport 
Corpus Christi... . 
Old Ocean 

Sea Breeze........ 
Sillough Slough... . 


Grapeland 

H. L. H Long Lake........ 
Grapeland 
Stratton, etc 


28,000,000 
40,000,000 
60.000.000 
35.000,000 


25,000 
35.000 
60,000 
30.000 
13,000 
40,000 
35,000 
































Shamrock 
Humble, et al 


Alexander-She. rin 

icc gw esis ea rmenare 
Atlantic 

Paul H. Hewitt 





Grand total 


Katy 


A 
Ohio, et al Cotton Valley 


H. Tepetate 
San Joaquin 











1,690,500,000 | 1,751.000* 








*Does not include Abercrombie production. 
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yond a reasonable doubt. Another fac- 
tor that influenced postponement of 
reforming or conversion facilities was 
the expectancy of revolutionary im- 
provements in this art. The refining 
industry has long awaited catalytic re- 
forming but this development is still 
around the corner. The operator of a 
recycling plant has hesitated to make 
commitments for a process that might 
be obsolete by the time of the comple- 
tion of an installation. The promise 
inherent in catalytic reforming justi- 
fied marking time on the part of those 
operators who presently began to look 
upon their supply of raw materials as 
assured. 

In connection with at least one 
project considerable thought has been 
given not only to the possibilities in- 
herent in converting a large part of 
the distillate into motor fuel by re- 
forming, but to the economics of con- 
verting rather substantial quantities of 


propane and butane into a motor fuel 
by thermal polymerization. Whether or 


not this latter installation is made will 
depend largely upon the availability of 
a market for the propane and butane 
at a price that would justify its sale 
and eliminate the risk and the invest- 
ment inherent in the projection of a 
polymerization operation at a time 
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Tide Water Associated-Seaboard's 
No. | Long Lake recycling plant 
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when these processes are in what might 
be said to be a state of flux. 


General 


It is natural in a new and rapidly 
developing art that processes for the 
exploitation of gas distillate fields 
should have been patented by various 
interests. On March 1, 1940, Distillate 
Engineering and Processes Company 
announced that it was licensing proc- 
esses under patent rights of Stanolind 
Oil and Gas Company, Tide Water As- 
sociated Oil Company, Eureka Process 
Corporation, Seaboard Oil Company of 
Delaware, and Standard Oil Develop- 
ment Company (N. J.). A number of 
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Tide Water Associated-Seaboard's 
Cayuga No. 2 recycling plant 





plants have already been licensed by 
this company. 

Although this relatively new indus- 
try has made rapid strides in the two 
years since initial operation of the first 
commercial plant, as indicated by the 
large volume of gas processed, the 
overall production of distillate is not 
of such proportions that it is a factor 
in the market price of crude oil, or 
finished products. Although a number 
of plants will doubtless be built in 
developed fields not listed herein, the 
bulk of the economically exploitable 
fields are nevertheless represented by 
the projects discussed hereinabove. It is 
more than likely that developments 
from now on will not be at the rapid 
rate at which distillate plants have 
been built since the inception of the 
industry. It might be noted, however, 
and parenthetically perhaps, that new 
developments in the art, looking largely 
to the reduction in the cost of plants, 
will promote additional construction 
by bringing projects that now would 
be considered marginal, into the range 
of economically justifiable develop- 
ments. By and large, however, new 
projects will develop along with the 
discoveries of new gas distillate fields. 
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IL AND GAS operators, land- 
O owners, holders of royalty in- 
terests, investors, consumers of petro- 
leum products who wish to keep their 
household budgets in balance, and all 
who are interested in that unique gas, 
helium, will find items of interest in 
a report issued by the U. S. Bureau of 
Mines, covering the work of its Petro- 
leum and Natural Gas Division for 
the fiscal year of 1939. 

In this annual “stock taking” of the 
Bureau’s research and operations deal- 
ing with petroleum, natural gas, he- 
lium, and their conservation, the writ- 
ers recognize that public interest in 
the products from oil and gas wells 
reaches far beyond persons concerned 
directly with the techniques of their 
production, transportation, and refin- 
ing. Accordingly the report has been 
written to inform consumers, as well 
as engineers, research workers, and op- 
erating personnel of the industry, con- 
cerning the types of studies that are 
being pursued by the Bureau. 


The introduction reviews briefly the 
changing scope of the division’s activ- 
ities to meet new conditions in the 
industry, expresses the philosophy back 
of the Bureau’s work pertaining to 
petroleum and natural gas, and tells 
how the various projects are conducted 
in the stations and offices at Bartles- 
ville, Oklahoma, Dallas and Amarillo, 
Texas, Laramie, Wyoming, and San 
Francisco, California. Also it stresses 
the interrelation of certain funda- 
mental physical and chemical laws that 
hold true for hydrocarbon fluids re- 
gardless of their environment and the 
bearing of such laws upon the maxi- 
mum extraction of oil from the earth. 

The discussion of the work accom- 
plished and in progress on each of 
nearly 20 items of research on pro- 
duction and transportation shows that 
the major aim is to disseminate infor- 
mation that will provide a better under- 
standing of natural petroleum reser- 
voirs, the characteristics of reservoir 
fluids, and their behavior under the in- 
fluence of operating practices. This be- 
havior in turn controls the extractabil- 
ity and conservation of oil and gas. 
Such studies lead to considerations of 
natural energy in or associated with 
these reservoirs and the manner in 
which the available energy, such as 
water or gas under pressure, can be 
used to greatest advantage in obtain- 
ing efficient production and optimum 
recovery in the development of oil- 
and gas-bearing strata in the most eff- 
cient manner. 
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Petroleum and Natural-Gas Research Conducted by U. S. Bureau 


of Mines in 1939 


In the field of transportation, re- 
search of the Bureau on “freezing” in 
gas pipe lines has helped natural-gas 
companies to maintain constant sup- 
plies of fuel at the city gates of many 
communities. Relatively few persons 
know that in transmitting gas through 
pipe lines under high pressure an im- 
portant element of good service is to 
prevent formation of solids or semi- 
solids resembling ice or “‘slush.” These 
substances, known as gas hydrates, may 
form in the lines when the operating 
temperature is considerably above 
32°F., the melting point of ordinary 
ice. 

More than a dozen of the division’s 
studies pertain to chemistry and re- 
fining of petroleum and related sub- 
stances. Here the chief concern is to 
aid in devising means of utilizing crude 
petroleum and associated gases more 
efficiently by converting them into 
new and better liquid and solid prod- 
ucts. Today light hydrocarbon gases— 
once wasted—constitute a significant 
part of the raw material in petroleum 
refining, and much attention is being 
given to their ultimate delivery to 
consumers, thus broadening the source 
of supply. 

Among special chemical and engi- 
neering studies now being conducted, 
the following are typical: disposal of 
oil-field brines—affecting landowners, 


cattle raisers, commercial fishermen, 
sportsmen, and dwellers in rural or 
urban districts who depend upon sur- 
face run-off and wells for their sup- 
plies of water; removal of salt from 
crude oil—a subject of serious and 
growing concern to many producers 
and refiners; mud-laden fluids so essen- 
tial in the drilling of deep oil and gas 
wells, and the prevention of accidents 
to those who work in the industry. 
The report closes with a review of 
extraction of helium from natural gas 
at the Amarillo plant of the Bureau of 
Mines, the only plant in the world 
now operating where this inert gas is 
obtained on a large scale. In addition 
to its use as a lifting gas for military 
and commercial lighter-than-air craft, 
increasing quantities of helium are be- 
ing used by the Weather Bureau for 
inflating meteorological balloons. Other 
scientific and industrial applications are 
mentioned in the report, especially use 
as an inhalant (mixed with oxygen) 
to give relief to persons afflicted with 
asthma and other respiratory diseases 
as well as in diving and caisson work. 
Copies of Report of Investigations 
3501, Annual Report of the Petroleum 
and Natural Gas Division, Fiscal Year 
1939, by R. A. Cattell and others, 
may be obtained without charge upon 
request to the Information Division, 
Bureau of Mines, Washington, D. C. 








@ The Link-Belt mud screen 
dual hook-up, pictured here 
in the field and used also as a 
single unit, is accepted world- 
wide as the latest and most 
efficient method of economic- 
ally reconditioning rotary 
drilling mud. With its many 
new and exclusive features 
this advanced design is a re- 
sult of Link-Belt’s constant 
research and improvement 
since introducing the oil 
field’s first vibrating screen 
more than 12 years ago. 
The dual hook-up em- 
ploys two 24” x 48” screens 
mounted on skids as one unit, 
with one mud collecting tank 
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WORLD’S CHOICE METHOD of 


RECONDITIONING ROTARY DRILLING Mub 


and inlet chute. A single turbine (or motor) drives both screens . 
the fluid of today’s largest pumps. . 
when only one is required. Write for detailed literature, just off the press. 


LINK-BELT COMPANY Philadelphia, Houston, Dallas, Los Angeles, 
Indianapolis, Chicago, New York. Sold by most supply houses. 


. yet the screens operate independently 
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Recent Progress in Geophysical, 
Geochemical, and Electrical Prospecting 
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N reviewing the progress made dur- 

ing the last year in the application 
and refinement of geophysical methods 
to the problem of discovering addi- 
tional petroleum, one trend has been 
noted that may well serve as a preface 
to the present discussion. This has been 
the tendency on the part of nearly all 
geophysicists, particularly those em- 
ployed by oil companies but including 
also many of those representing geo- 
physical service organizations, to 
appraise the relative values of all the 
various types of geophysical methods 
available for use in locating subsurface 
structural uplift. 

From this study has developed a bet- 
ter understanding of the general prin- 
ciples, applications, the limitations and 
the reliability or accuracy of the re- 
sults obtained by each of the various 
geophysical methods in use today. 
There has developed, also, a better 
understanding that although each type 
of instrument or method may be fun- 
damentally sound, its use should prop- 
erly be based upon considerations of 
the degree of refinement desired in the 
data to be gathered and of the costs 
involved in obtaining such data. 


All Methods Evaluated 


In this manner, all the accepted 
methods—the magnetometer, the tor- 
sion balance and gravity meter, the 
refraction seismograph, the reflection 
seismograph, electrical prospecting, and 
soil analysis or geochemistry-——have 
been more thoroughly evaluated than 
previously. In general, the magnet- 
ometer, the gravity meter, electrical 
prospecting, and soil analysis are now 
generally regarded as valuable recon- 
naissance methods aiding in rapid ap- 
praisal of new territory, and not neces- 
sarily suitable for obtaining the detail 
required in selecting a specific site for 
an exploratory well. 

The torsion balance is generally rec- 
ognized as being both a reconnaissance 
and detail instrument. Although the 
gravity meter has largely replaced the 
torsion balance during the last few 
years, this has been due more to the 
specific requirements of the work de- 
sired than to any inherent fault of the 
torsion balance. The accuracy of the 
gravity meter is comparable to that of 
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J. BRIAN EBY 


is well equipped by his education 
and experience to write authorita- 
tively on the various scientific 
methods of petroleum prospecting 
—He was graduated from Johns Hop- 
kins University in 1918 with the de- 
gree of A.B., and in 1922 received a 
degree of Ph.D. in geology from the 
same institution—From 1919 to 1925 
he was geologist with the United 
States Geological Survey, being 
stationed variously at Washington, 
D. C., in the Appalachian and in the 
Rocky Mountain states—He was in 
charge of the Geophysical Depart- 
ment of the Gulf Coast Division of 
I|_ the Shell Petroleum Corporation from 
1925 to 1931, and since has been 
an independent geologist, making 
his headquarters at Houston, Texas. 


























the torsion balance, but the fact that 
reconnaissance surveys can be made 
faster and at less cost by the gravity 
meter has led to its greater use. The 
gravity meter is less sensitive to vari- 
ations in surface densities and to topo- 
graphical differences, and thus the sub- 
surface data are probably less distorted 
by anomalies of the surface. 

The refraction seismograph has also 
been used both for reconnaissance and 
for detailed surveys, but the expense of 
operating with this instrument has 
seriously restricted its use. Although 
the refraction method dates from the 
experiments by Mallet in 1850, com- 
mercial application dates only from 
1923, but even so, it has been generally 


Methods for Petroleum 


supplanted by the reflection method, 
developed in 1917 and made available 
for first commercial use as late as 
1927. 

It is generally conceded now that, 
compared to the abovementioned 
methods, the reflection seismograph is 
far superior in ability to produce de- 
tailed studies of an area, and to esti- 
mate the depths to important forma- 
tions, such as massive limestones or 
sandstones, and igneous rocks. In de- 
termining depths of massive salts, as in 
the salt-dome regions of the Gulf 
Coast, it is probable that the refraction 
type may be fully as accurate as the 
reflection seismograph. 

An interesting review’ was made re- 
cently by Kelly concerning the ad- 
vances and improvements made in the 
use of gravity meters. 

“Improvements (in gravity meters) 
will probably be made in the direction 
of reducing drift, decreasing weight, 
and making more rugged designs. 
These are minor details, and it seems 
as though the present gravity meters 
have nearly reached the peak of their 
possible perfection. There are probably 
about 250 gravity meters engaged in 
exploration work throughout the 
world, practically all of them in oil 
exploration. About one-half of these 
are made by one or another of three 
European concerns, and the other half 
by eight American companies. All but 
seven of the 75 gravity meters now 
operating in the United States are of 
American make, and about 50 Amer- 
ican-made ones are engaged in foreign 
exploration. On this continent, the 
Lacoste-Romberg gravity meter has 
recently come to the forefront, shar- 
ing honors with the Mott-Smith and 
Brown instruments. The Mott-Smith 
gravity meter is an astatic quartz 
pendulum, the Brown instrument is a 
bifilar gravity meter, and the Lacoste- 
Romberg machine is essentially a ver- 
tical seismometer. The gravity meter 
developed by the Askania Corporation 
utilizes the electrical measuring prin- 
ciple, and the same corporation is 
bringing out an improved type of 
barometric altimeter which should 
materially cut down surveying ex- 





1‘*Geophysical Exploration’’, by Sherwin F. 
Kelly, Mining and Metallurgy, January, 1940. 
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penses, as it has already been perfected 
to operate within a probable error of 
only 1 ft. Most of the gravity-meter 
operations apparently are concentrated 
in the Mid-Continent areas and east of 
the Mississippi. The evidence seems to 
point to a definite increase in gravity 
exploration work, and more money is 
being spent on it than ever before.” 

Mechanical developments during the 
last year in geophysical instruments 
have been largely in reducing the size 
of equipment and increasing its field 
portability. Especially in reflection in- 
struments, the geophones or detectors 
have been greatly reduced in bulk but 
in the case of some operators the num- 
ber of attached geophones has been 
doubled or trebled. 

Use of the reflection seismograph 
method reached a peak in 1937, fol- 
lowing which there was a steady de- 
cline of activity until the early part of 
1940. The discovery of the Tinsley 
field in Mississippi drew sharp attention 
to the oil-producing possibilities of this 
virgin territory and brought about a 
considerable revival of reflection seis- 
mograph work. Mississippi, Alabama, 
and parts of Florida and Georgia offer 
considerable new territory favorable 
for this type of geophysical investiga- 
tion. 

The volume of geophysical activity 
in the United States at present is about 
the same as at this time last year. 
Without the impetus of new oil dis- 
coveries in Arkansas and Mississippi, 
activity unquestionably would have 
dropped to a lower level. In the for- 
eign field American geophysical com- 
panies are still engaged in several of 
the South American countries, Hun- 
gary, Yugoslavia, Roumania, and in 
two or three other countries. Until the 
international situation stabilizes, how- 
ever, much of the customary foreign 
geophysical explorations by American 
companies will remain suspended. For- 
eign work by American companies 
consists almost entirely of reflection 
seismograph or gravimeter investiga- 
tions. 

A feature of last year’s activities has 
been the increased use of the magnet- 
ometer in the Mississippi-Alabama 
area. It is being used in this territory 
not only to attempt to map the atti- 
tude of the basement complex but in 
the exploration of igneous plugs and 
salt domes. 

Geochemistry 

From the standpoint of general in- 
terest, no recent development has stim- 
ulated more discussion and conjecture 
than the comparatively new geochem- 
ical methods. 

In April the Society of Exploration 
Geophysicists held its annual conven- 
tion at the Stevens Hotel in Chicago. 
The yearly meeting of the much larger 
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American Association of Petroleum 
Geologists was held the same week in 
the same hotel. This permitted geolo- 
gists to attend geophysical sessions and 
likewise the reverse. The outstanding 
feature of the joint conventions was 
unquestionably the evening meeting of 
the Research Committee in which the 
entire theme of the discussions was de- 
voted to geochemical exploration. Sev- 
eral well-known geochemists read their 
respective contributions. As the status 
of geochemistry completely lacked 
definition before the meetings, geolo- 
gists and geophysicists alike gave at- 
tentive interest. 

As it was the spirit of the occasion 
to formulate some conclusions on the 
status of geochemistry, the geochem- 
ists themselves turned the conducting 
of the questioning over to A. I. Levor- 
sen, one of the best known and well- 
informed geologists of the country and 
former president of the American 
Association of Petroleum Geologists. 

Questions were handled by writ- 
ten card from the floor and many were 
anonymous, permitting even the most 
skeptical or antagonistic questioner to 
prowl to his heart’s content into the 
deepest recesses of the geochemical re- 
torts. 

After sorting the facts and theories 
several important items made them- 
selves felt. The first of these is the 





fact that geochemistry is being given 
an extremely active and widespread ap- 
plication. The method is being used 
most actively in California, the Gulf 
Coast, and in the Kansas portion of 
the Mid-Continent. In the second 
place, geochemical well-logging, as 
against surface sampling, is receiving 
a large amount of attention and in- 
creasing success. In the third place, it 
is becoming more and more evident 
that geochemistry has not yet been 
able to establish criteria to differentiate 
commercial from non-commercial ac- 
cumulation. It is qualitative rather 
than quantitative in its results. The 
fourth and concluding impression is 
that geochemistry is still the infant in 
the business of petroleum exploration 
and it remains for the future to see if 
and how it will grow. That it will 
grow is assured by the considerable 
backing being given it by several of 
the major oil-producing companies and 
a few of the independent operators. 

Of the foregoing factors the intro- 
duction of geochemical well-logging 
deserves special consideration because it 
may be significant in furthering the 
application of geochemical prospecting 
in general. 

This recently developed prospecting 
technique depends upon the analysis of 
the cuttings obtained in routine drill- 
ing. For the best results, cuttings 
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Fig. |. A geochemical log that led to discovery of East Bernard field, Texas 
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should be analyzed within 48 hours iodides). These other constituents play Fig. 2 shows the geochemical log of 
after collection at the well. In those parts of secondary and lesser impor- a well drilled on a serpentine plug in 
cases where such immediate analyses tance in the interpretation of the log. Atascosa County, Texas. Shows of 
are not possible, the cuttings are dried Illustrations of three types of geo- considerable magnitude were reported, 
at the well, then sent to the laboratory chemical logs are shown herewith. Fig. but were found to be associated with 
for analysis. Although this practice 1 shows the geochemical log that was non-commercial accumulation. Al- 
does not yield data as high in quality responsible for the deepening below though this well showed a very high 
as those from “fresh” (undried) cut- contract depth, which led to H. C. concentration in the zone at 2275 ft., 
tings, it does permit long-range geo- Cockburn’s recent discovery of the the geochemical log shows no ‘“‘ad- 
chemical well-logging. East Bernard oil field, Wharton Coun- vance notice” in the way of increased 
The well cuttings are submitted to ty, Texas. After attaining the contract hydrocarbon concentrations above that 
analyses by the same technique as that depth of 8000 ft., instructions were zone. The conclusion drawn is that 
used for analyzing the near-surface soil issued to abandon the test, and the rig this petroleum accumulation does not 
samples. The constituents of major im- was being torn down. On the basis of exist under pressure (confirmed by its 
portance are the hydrocarbons, for the geochemical well log available to later failure to produce), and so did 
which four separate logs are plotted: that depth, however, reconsideration _ not affect its sedimentary environment 
total hydrocarbons, methane, “gas” led to deepening the test. On May 1, to the extent that the accumulation 
(methane through butane), and “‘dis- the well was perforated with 45 shots __ illustrated in Fig. 1 did. 
tillate” (pentane and heavier). In ad- from 8074-8089 ft. in shaly sand, and Fig. 3 shows the geochemical log of 
dition, other constituents are reported, was brought-in on May 1 for a gas- a dry hole in Nueces County, Texas, 
notably the hydrogen evolved during distillate well on an 11/64-in. choke, from which no shows were reported. 
the analyses, sand (acid insolubles) , producing no salt water, and with a =‘ The hydrocarbon concentrations in the 
carbonates, sulphates, and halides (un- tubing pressure of 2200 lb. and a cas- geochemical log are negligible. 


differentiated chlorides, bromides, and ing pressure of 800 lb. per sq. inch. 


rrr rrr ror er 


Geochemical well-logging yields a 
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Fig. 2. Geochemical log of a well drilled on a serpentine plug in Atascosa County, Texas 
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Fig. 3. Geochemical log of a dry hole in Nueces County, Texas 
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new type of prospecting data, and does 
not substitute for nor replace electrical 
well-logging or core analyses. The sig- 
nificant data are more closely related 
to the presence or absence of a petro- 
leum accumulation than they are to 


—— a 


technique also has shown that the geo- 
chemical influence of a petroleum ac- 
cumulation extends short distances lat- 
erally as well as vertically beyond the 
limits of production. Geochemical 
well-logging then, not only increases 
the effective depth of the hole by sev- 
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eral hundred feet, but also increases 
its effective diameter by as much as a 
quarter of a mile, insofar as yielding 
evidence of fundamental importance as 
to the proximity of a petroleum accu- 
mulation not yet reached by the drill 








geology, geography, or depth. This 


in any given test well. 








You Get EX TRA Profits . . . with the 
New CLEVELAND Pipeline Ditcher 


“MODEL 


140° 





Because of EXTRA PERFORMANCE Secured 
by Features like the following: 


EXTRA WIDE DIGGING LIMITS. 18” to 30” 
width; 5 ft. 4 in. depth. 


EXTRA WIDE CRAWLER SHOES. Better trac- 
tion and low ground pressures allow you to 
pull through the “wet spots.” 


EXTRA GROUND CLEARANCE. To clear 
stumps, etc. 


EXTRA WIDE TREAD. Prevents crushing the 
banks of trench while digging. Permits ‘‘redig- 
ging” ditch when grade must be changed. Af- 
fords great stability on side slopes. 


EXTRA STRENGTH and EXTRA DURABILITY 
are secured by many improvements, such as 
400% stronger boom and frame. 





Let the Model 140 show you the way to greater pipelining profits. Their per- 
formance for others deserves your immediate investigation. 


THE CLEVELAND TRENCHER COMPANY 


20100 St. CLAIR AVE. “Pioneer of the Small Trencher” CLEVELAND, OHIO 


“CLEVELANDS” Save More — Because they Do More 


THE PETROLEUM ENGINEER, Midyear, 1940 125 


















] 











| GENERAL OFFICES 
120 BROADWAY 
| NEW YORK 















































AMERADA 
PETROLEUN 
CORPORATION 





| BEACON BUILDING 
| TULSA, OKLAHOMA 





























One of the present shortcomings of geochemical methods 
is the inability to predict commercial production. Safe criteria 
for differentiating between high-pressure deposits of small 
volume and accumulations of large magnitude have not been 
established and consequently dry holes have been drilled on 
some prospects that looked encouraging. The feeling of the 
oil industry as a whole is that geochemistry has a time and 
place in the role of discovery and the attitude generally js 
one of hopeful anticipation of success. 


General 


Other developments of interest during the last year are 
ably described in the article previously cited.' 

“A new tool to aid in investigating deep-lying formations 
has been developed in France by the Schlumberger organiza- 
ticn, which has discovered a technique for utilizing the nat- 
ural earth currents to deduce basement complex patterns, 
Deep penetration by means of artificial currents passed 
through the ground is also being attained in Blau’s electrical 
transient method of prospecting. The strength of current 
source has been increased through utilization of the discharge 
of condensers charged at several thousand volts. The great 
drawback to the electrical methods in the past as compared 
with seismic prospecting has been the difficulty of obtaining 
sufficiently high energy sources. For example, it is still impos- 
sible to put into the ground electrical power comparable to 
the energy released by the explosion of one pound of dyna- 


| mite. Nevertheless it has been possible to map prospects in 
| West Texas where usable seismic reflections were difficult to 
| obtain. That great depths are being reached is shown by the 


fact that the spread between the nearest current and poten- 
tial electrodes has been increased in this area to 15,000 ft. 


“In the reconnaissance survey of potentially oil-producing 


| areas, magnetic methods continue to be employed to a certain 


extent. They are fast and economical, and thus, where appli- 
cable, logically precede more detailed investigations. Activity 
is reported from the Illinois basin, South Texas, and else- 
where, but no detailed information is available as to successes. 
In California, magnetic work for the past year has been con- 
fined to the periphery of the California sedimentary basins, 
for the delineation of shoreline conditions, and to locate 
faults. In some places, as in the Oxnard Flat of Ventura 
County, drilling has shown the magnetic work to have been 
useful and informative. Similar work has been carried out in 
the San Joaquin Valley and Santa Maria Valley. 


“The only new equipment of importance to be brought 
out is the photoelectric recording unit for magnetometers, 
developed by the Askania company. It can be attached to any 
Askania magnetometer and the recorder can be installed at a 
considerable distance. 


“Geothermal measurements are becoming increasingly rec- 
ognized as an important adjunct in exploration, particularly 
for petroleum. They often throw light on the presence, shape, 
type, and age of geological structures, on the freedom and 
direction of flow of the fluid contents of rocks, and on the 
influence of oil and gas seepages. The true geothermal gradi- 
ents in wells are important in reservoir content studies, in 
geological correlation, and in detecting or observing subter- 
ranean water movements. ...” 


The outlook for geophysical prospecting for the coming 
year, based on conclusions reached in the latter part of June, 
1940, must obviously take cognizance of the many interna- 
tional uncertainties. If the need for oil, especially American 
oil, remains strong, geophysics will be much in demand to 
help supply it. Although electrical prospecting and geochem- 
istry are both in active development, the brunt of the work 


| will still probably be borne by the reflection seismograph and 


the gravimeter. 
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Review of Recent Contributions to Study 


HE general technique, developed 
pg the last decade, of attack- 
ing the problem of corrosion prevention 
in the pipe-line industry has received 
several very vital contributions during 
the last year that are deemed worthy 
of review so that everyone may ex- 
amine them for what they are worth 
and attempt to carry on the battle 
against the rusty giant from the new 
angles of attack that have recently 
been established. 


Application of Electrical Protection 


The recent meeting of the Petro- 
leum Industry Electrical Association in 
Dallas, Texas, during the first week in 
May, was addressed by Dr. Gordon N. 
Scott, pipe-line technologist, of Los 
Angeles, California. This paper dealt 
with the application of electrical pro- 
tection to pipe lines and some very 
interesting curves were shown repre- 
senting actual measurements on various 
lines under dissimilar conditions, but 
all based upon the formula for the re- 
lationship between the pipe-to-soil 
potential and the saturation current 
impressed on the pipe in milliamperes 
per sq. ft. This relationship was shown 
to be: 

V=V,+kiplogr 

This formula only applies in the case 
of a cylindrical conductor of radius 
“a” in an infinite and homogeneous 
environment of resistivity “p”. V, is 
the measured potential at any point, r, 
measured from the axis of a pipe that 
is either accumulating or discharging 
current at the rate of 1 amp. per sq. 
ft.; where “k” is a constant and an in- 
tegration constant has been omitted. 

It was pointed out that the measured 
potential, V,, is dependent upon the 
polarization potential, V,, and varies 
directly as the current density, the re- 
sistivity of the environment, and the 
logarithm of the distance between the 
point of measurement, r, and the cen- 
ter of the pipe. Also it was stated that 
if this relationship holds, then a series 
of measurements of potentials and 
associated values of r would yield a 
straight line when V is plotted against 
log r. The slope of the curve is a 
measure of the product of the resistiv- 
ity of the environment and the current 
density. If the resistivity of the en- 
vironment and the potential are meas- 














DAVE HARRELL 


corrosion engineer, Houston Pipe 
Line Company. Houston, Texas, 
studied electrical engineering at Yale 
and Texas universities, receiving a 
bachelor’s degree from the latter in 
1923. After graduation he spent three 
years in Colombia, South America, 
with the Tropical Oil Company, doing 
geological and engineering work. He 
returned to the United States at the 

end of that period to become affiliated 
with the geophysical department of 

the Humble Oil and Refining Com- 
pany. His next connection was with 
the Reed Roller Bit Company, Hous- 
ton, and when he left that company 
after two years to become associated 
with the Houston Natural Gas Com- 
pany he was in charge of sales for 
the core bit department. He remained 
with the Houston Natural three years, 
joining the staff of the Houston Pipe 
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Line Company in 1933. 








ured, then the current density may be 
readily calculated. Likewise, if the cur- 
rent density and potential are known 
then the resistivity of the coating can 
be calculated, which may be expressed 
by its reciprocal, the conductance. 
From the above it now seems possi- 
ble to measure the resistivity and the 
potential produced by a unit saturation 
current, and to predict the current per 
sq. ft. necessary in any section of pipe 
to bring it to electrical protection. 
This in itself is of considerable value 





of Pipe-Line Corrosion 
By DAVE HARRELL 


Corrosion Engineer, Houston Pipe Line Company 


and the fact that the numerous cor- 
rosion engineers can now apply this 
formula to their own particular pipe- 
line conditions and examine the mathe- 
matical results obtained under a wide 
variety of circumstances, brings the 
matter of estimating the current re- 
quired to protect lines within the 
scope of mathematics better than the 
simple guess or cut-and-try methods 
used in the past. 

Following closely after the Petro- 
leum Industry Electrical Association’s 
meeting came the American Gas Asso- 
ciation convention in Houston, Texas. 
At this gathering three important 
papers were presented dealing with the 
subject of corrosion. 


Results of Cathodic Protection 
Installations 


The first of these papers’ contained 
a large fund of informaticn from vari- 
ous companies who h.d pioneered with 
cathodic protection on their pipe-line 
systems and the results cbtained by 
each company during the last five to 
seven years were described. 

It is significant to note that not one 
of the companies returning a question- 
naire submitted to them stated that 
cathodic protection did not work on 
their lines. They all seemed to have had 
troubles of one kind or another, but 
the consensus was that cathodic pro- 
tection is both economically and tech- 
nically a success. Leak curves and other 
data were submitted that seemed to 
prove that even though there are many 
pitfalls in the application of cathodic 
protection to pipe lines, it works in its 
present state, which can be materially 
perfected in the near future. This 
paper should remove all doubt from 
the mind of anyone still skeptical 
about the beneficial results to be ob- 
tained by the use of cathodic protec- 
tion as a means of protecting under- 
ground lines. The reporting companies 
were scattered over such a wide area 
and operated under so many varied 
conditions as to serve as positive proof 
that cathodic protection is no longer 
a laboratory experiment, but now just 
as much a phase of pipe-line operation 
as the pumping of oil or gas through 
these lines. 

1**Results Obtained with Cathodic Protection,”’ 


by F. A. Hough, Southern Counties Gas Com- 
pany, Los Angeles, California. 
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Dr. Ewing's Studies 


The second paper® was quite com- 
plete in that it set-up current density 
vs. solution potential relationships for 
various metallic substances such as 
zinc, magnesium, electrolytic iron, 
nickel, silver, and platinum. It was 
further shown that the minimum pro- 
tective value is that at which the curve 
of the log of the current plotted in 
milliamperes per sq. ft. against the 
cathode potential in volts, abruptly 
changes its slope. Also, it is brought 
out that the increase in applied cur- 
rent causes several results at the 
cathode: (1) it causes metallic ions to 
be deposited on the cathode if their 
concentration in solution is sufficiently 
high, (2) oxygen is consumed at the 
cathode if present in a definite current 
density and provided it is supplied in 
limited quantities, (3) beyond this 
saturation point hydrogen is evolved 
and plates out on the cathode, and (4) 
when the cathode surface becomes 
covered with hydrogen, it then be- 
comes a hydrogen instead of an iron 
electrode. 

It has been known for a long time 
that the potential of the hydrogen 
electrode depends on the pH of the 
solution and the current density. It is 
also established that at any current 
density beyond the hydrogen generat- 
ing point the logarithm of the current 
density plotted against the potential is 
a straight line. The curve for oxygen 
consumption is also a straight line 
when plotted against the logarithm of 
the current density. 

A very interesting experiment, con- 
ducted in a soil box in the laboratory, 
was described in the paper in detail. A 
recording vacuum tube voltmeter was 
used to record the change in potential 
with various saturation currents. These 
potentials, plotted against the satura- 
tion current on linear current axis 
paper, produced curves that sloped off 
gradually, but when the same curve 
was plotted on logarithmic paper it 
showed a curved section to the point 
at which it is assumed that electrical 
protection begins and then sloped away 
as a straight line beyond this point. 
This straight-line section is called the 
over-voltage section of the curve. In 
addition, some very interesting data 
were presented on the effect of alkali 
on the current density potential curve 
in both aerated and unaerated soils, 
and on what occurs when the alkali 
concentration is not maintained. 

Seven conclusions are arrived at by 
Dr. Ewing and they are repeated here 
so that they may be tested by the 


_*“Determination of Current Required for 
Cathodic Protection,’’ by Dr. Scott Ewing, re- 


search associate, American Gas Association, 
Washington, D. C. 
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reader in an effort to substantiate the 
findings on other pipe-line systems 
where cathodic protection has been in 
service for some time. 

1. The potential of the metal with 
respect to the reference electrode taken 
alone is no criterion of the rate at 
which the metal is corroding. 

2. A suddenly applied protective 
current always causes the potential to 
shift in the negative direction because 
the current either exhausts the oxygen 
or increases the hydrogen content of 
the solution in contact with the metal. 

3. The application of the protective 
current for several days may cause the 
zero current potential to change in 
either the positive or negative direc- 
tion. Hence the ultimate change in 
potential cannot be used to indicate 
whether or not corrosion is effectively 
prevented. 

4. The protective current always 
causes alkali to accumulate on the pro- 
tected surface. If there is sufficient 
oxygen, this alkali causes an oxide film 
to form and hence causes the potential 
to become more positive. If there is no 
oxygen the accumulation of alkali 
causes the potential to shift in the neg- 
ative direction. 

5. At low current densities, cer- 
tain reasonable assumptions lead to the 
conclusion that the current density 
curve is a straight line. The straight 
line is sometimes obtained at low cur- 
rent densities provided the points are 
obtained quickly so that alkali does not 
accumulate at the surface of the metal. 


6. When the current density ex- 
ceeds the protective value the log cur- 
rent-density potential curve is a 
straight line and is called the over- 
voltage curve. This curve is nearly al- 
ways obtained with steel cathodes in 
soil. 


7. The current density at which the 
over-voltage curve begins is the mini- 
mum current density that will prevent 
corrosion. It has not been possible to 
determine this minimum current den- 
sity with precision in the laboratory, 
but the same precision, if obtained in 
the field, will be sufficient for most 
practical purposes. 

Dr. Ewing recently spent some time 
with the writer and also with other 
pipe-line corrosion engineers obtaining 
data on the behavior of potentials of 
lines under different current satura- 
tion densities and it will be interesting 
to see what he is able to determine 


Microbiological Anaerobic Corrosion 


The third paper* touched upon a 
phase of corrosion that is relatively 
new tO most corrosion engineers. For 
a long time pipe-line corrosion engi- 


~ 3" Studies in Microbiological Anaerobic Cor- 
rosion,’’ by Raymond F. Hadley, Susquehanna 
Pipe Line Company, Philadelphia, Pennsylvania. 











when the results of the data so ob- 
tained are finally calculated. 

neers have been called “termites” and 
“bug catchers,” but it remained for 
Hadley to prove that they really should 
search for the causes of corrosion with 
a microscope. This subject has been 
discussed recently in greater detail by 
the same author,* but the 23-page 
paper presented at the convention to- 
gether with a beautiful motion picture 
in color showing the corrosion caused 
to pipe lines where the micro-organ- 
isms were known to be present, was 
most convincing and enlightening. The 
result was somewhat the same as a 
physician describing the symptoms of a 
contagious disease to an unsuspecting 
patient. Everyone left the conference 
convinced that his pipe line was in- 
fested with Sporovibrio desulfuricans. 

Beginning with a statement of the 
electrochemical theory underlying the 
corrosion process, which in essence 
states that so long as the cathode is 
plated with hydrogen no iron can be 
consumed, the paper develops the the- 
ory that the micro-organisms remove 
such hydrogen through a metabolic 
process under anaérobic conditions. It 
was further shown by reference to the 
works of several investigators that 
both atomically combined and molec- 
ular hydrogen may be utilized by the 
sulphate-reducing bacteria to carry out 
their metabolic processes. It was fur- 
ther stated, however, that in order to 
sustain the process of multiplication 
and growth a certain amount of oxy- 
gen must be available to the bacteria 
in the form of an oxygen salt. Hadley 
suggests that the salt found most gen- 
erally in nature is calcium sulphate 
(CaSo,) and that this product is re- 
duced to the sulphide of iron (FeS) 
that is present in such great quantities 
in all locations where these bacteria 
are found, that it could not have come 
from any other source. FeS is so effec- 
tive as an indicator of the presence of 
the bacteria that the simple test of ap- 
plying a small quantity of hydrochloric 
acid (HCl) to the corroded area, or 
better, to the products of corrosion in 
a test tube, is sufficient to prove their 
existence. If FeS is present, the HCl 
will produce H.S, the odor of which is 
detectable in extremely small quan- 
tities. 

Hadley states that the most inter- 
esting thing about these bacteria is that 
although a great many bacteria have 
the power to produce hydrogen sul- 
phide only a relatively few possess the 
ability to reduce the sulphate salts to 
sulphide. The factors influencing opti- 
mum growth are temperature, and 
concentration of salt (NaCl) in the 
~ "Methods of Studying Microbiological Anae- 
robic Corrosion of Pipe Lines,’’ by Raymond F. 


Hadley, The Petroleum Engineer, March and 
April, 1940. 
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medium. It is also necessary that there 
be some “food” in the form of a hy- 
drogen donator present to support 
growth of a culture. Thus the Vibrio 
desulfuricans can dehydrogenate fatty 
acids, carbohydrates, alcohols, and 
other compounds including cellulose, 
which is generally present in varying 
quantities. The cellulose itself is not 
attacked but the products of its de- 
composition are readily used as food. 

The sulphate-reducing bacteria are 
described as being visible with a micro- 
scope having a magnification of 700 
times or more. When viewed they have 
a rolling, turning motion and to move 
they spin rapidly in a circle and fly off 
on a tangential path. The presence of 
these bacteria is very general in all 
areas of corrosion examined through- 
out several counties. It is also stated 
that the corrosion produced by them 
is not of the self-stifling variety as 
the curve of the rate of corrosion due 
to the micro-organisms is of the in- 
creasing rate variety. 

The conclusions reached in sum- 
marizing the data submitted in the 
paper are: 

1. The basic theory underlying the 
microbiological anaérobic corrosion 
process is in accord with the more gen- 
erally accepted theory of the electro- 
chemistry of corrosion, the principal 
differences being in the manner in 
which the cathodic hydrogen polariza- 
tion is removed, and the mechanism 
causing the suppression of the ferrous 
ions. 

2. One of the products of the mi- 
crobiological corrosion is FeS, which 
can, under the conditions stated, re- 
sult only from the metabolic activity 
of the sulphate-reducing bacteria. 

3. The prevalence of microbiolog- 
ical anaérobic corrosion, as shown by 
the numerical data obtained from pipe 
lines in certain eastern states is sufh- 
cient to account for a large part of 
the corrosion of the pipe lines from 
which these data were obtained. 

4. Pit distribution curves show that 
for similar locations, geographically 
very close together, the pit depths 
where bacterial corrosion occurs are 
greater than pit depths found where 
bacterial corrosion is absent. 

5. Pits occurring in a pipe at a lo- 
cation where microbiological corrosion 
is not present do not present the same 
degree of hazard as those occurring in 
pipe where it is found. 

6. The microbiological anaérobic 
corrosive process is not one of the self- 
stifling variety as the pit depth rate 
instead of decreasing with time actu- 
ally shows a pronounced increase. 


7. The data available at the present 


time from American sources relative 
to microbiological anaérobic corrosion 
are sadly inadequate and should be sup- 
plemented not only by data pertaining 
to the distribution of this type of cor- 
rosion but should also outline methods 
by which it may be minimized. 
Additional comments by Hadley 
seem to indicate that he believes that 
cathodic protection stops the growth 
of these bacteria. He explains that al- 
though making the pipe cathodic does 
tend to plate it with hydrogen, this 
hydrogen is in a gaseous molecular 
state and the microéganisms can not 
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consume it (the hydrogen) so readily. 
Also, it has been shown that cathodic 
protection does consume oxygen and 
it may be that it destroys the small 
amount of oxygen present in the oxy- 
gen salt necesary for the propagation 
of the organisms. It is also possible 
that the pH of the soil surrounding 
pipe lines may be altered to alkaline 
to such an extent that the organisms 
are unable to grow. Much thought will 
have to be given to this problem in 
corrosion that has been brought to the 
attention of corrosion engineers so 
vividly. 
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One of Every Seven Wildcat 
Wells Located Scientifically 
Finds Oil 

Doodle bugs, divining rods, creek- 
ology, and hunches still provide the 
excuse for drilling hundreds of wells 
each year in the search for oil. Al- 
though some of them find oil, such 
efforts are not even half as successful 
in discovering new oil fields as are the 
scientific methods and modern tools 
now employed throughout most of the 
oil industry, says a report of the Amer- 
ican Petroleum Institute. 

Finding oil still is hazardous. Utili- 


zing the most advanced techniques of 
geological, geophysical, and geochemi- 
cal science, one wildcat well in seven 
strikes oil. When the sundry non- 
technical guess-work methods are em- 
ployed to pick a drilling site, however, 
only one well in every 16 is successful. 

Oil men drilled more than 2000 
wildcat wells in 1939. A wildcat is a 
well drilled in new territory, previ- 
ously unproved by any prior drilling, 
in the hope of finding a new oil field. 
The drilling sites of 1663 of 1939's 
wildcats were located on some scien- 
tific basis, and 217 of them, 13 per- 
cent, were completed as_ successful 



































install .. 


service. 








REFLEX GAGES 


Accurate 
Long-Lived 


For years Oilmen have specified JERGUSON GAGES be- 
cause they afford maximum efficiency at all times. Not 
affected by high temperatures or high pressures. Easy to 
. easy to read... because the... 


Empty space shows 
WHITE 
Liquid level appears 


BLACK 


Ideal or gasoline, kerosene, oil, etc... . 
the color of liquid. 


Furnished with or without valves for every type of 


There’s a JERGUSON GAGE for your plant. 


Jerguson Gages are best 
by every real test. 


Write for Catalog 


JERGUSON GAGE & VALVE CO. 


89 FELLSWAY 
SOMERVILLE 


Trouble-Free 


no matter what 


MASSACHUSETTS 




















wells, opening new fields. Hunches and 
guesswork were the sole reason for 
drilling the 709 other wildcat wells 
last year, and only 43 of them, 6 per- 
cent, found oil. 

If only the most prolific oil fields 
are considered, the odds in favor of 
science are even more pronounced, 
Throughout the 80-year history of the 
petroleum industry, 288 major oil 
fields have been discovered, a major 
field being defined as one with an ulti- 
mate recovery of more than 20,- 
000,000 bbl. of oil. 

More than three-fourths of these 
288 major fields were found through 
the use of one or more of the advanc- 
ing techniques of scientific explora- 
tion—surface geology, subsurface ge- 
ology, core drilling, geophysics, and 
deeper drilling. The non-scientific 
bases for drilling, surface indications 
and mere random drilling, were re- 
sponsible for the discovery of 65 such 
fields. 

In the five years from 1934 through 
1938, the increasing importance of 
scientific exploration even more strik- 
ingly is demonstrated. In these five 
years, 76 new major oil fields were 
discovered. Only one resulted from 
drilling because of surface indications, 
none at all from random drilling. The 
seismograph, the microscope, the mag- 
netometer, the torsion balance, the 
mass spectrograph, the electric log, the 
aerial camera, and a dozen other tools 
and instruments, almost completely 
have displaced the witch-hazel reds of 
the old-time “dowsers.” Geophysics, 
which found its first major oil field 
only 12 years ago, in 1928, alone ac- 
counted for 42 of the 76 new major 
fields found between 1934 and 1938. 

For the entire 80-year period, sur- 
face geology takes first place as a 
finder of major oil fields—116 out of 
288. Earliest science to be introduced 
in the search for oil, surface geology 
is credited with finding the first major 
oil field, in 1876, and steadily it has 
continued to find new oil, year after 
year. 

Today the “wrinkle chasers” of the 
early days have given way to large 
motor caravans, aided by dozens of 
delicate instruments, and surface ge- 
ology alone finds relatively few fields. 
The petroleum geologist has borrowed 
at will from other sciences, and, 
though he still cannot guarantee an oil 
sand, his success compared to earlier 
methods has been so great, and is in- 
creasing so rapidly, that oil companies 
willingly spend hundreds of thousands 
of dollars every year to find oil scien- 
tifically. 
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Modern Practices in the Protection 
Of Pipe Lines Against Corrosion 





By STARR THAYER 





EVERAL YEARS ago the Ameri- 
s can Petroleum Institute, the 
American Gas Association, and the 
U. S. Bureau of Standards began a co- 
dperative study of the subject of soil 
corrosion. The subject has been at- 
tacked from every known angle and 
so far as possible, everything has been 
done, and is still being done, that will 
aid the operator of pipe lines in elimi- 
nating corrosion troubles. 

Volumes of valuable information 
have been compiled by the above 
groups. It is the writer’s belief, how- 
ever, that one of the most important 
results of this work is that it has made 
the industry “corrosion conscious.” For 
a long time some operators were un- 
willing to admit that corrosion was 
affecting their lines. It was even diffi- 
cult to get crews to report rusthole 
leaks. The attitude seemed to be that 
to do so would reflect upon their abil- 
ity as pipeliners. 

It is now recognized that corrosion 
is likely to occur upon any line at 
almost any place. This has led to a very 
satisfactory interchanging of ideas and 
information. Much of the information 
in this article was obtained in this 
manner. An attempt will be made here 
to describe the different methods used 
in minimizing corrosion losses. 


Construction of New Lines 


Few new lines are now built with- 
out giving the subject of corrosion at 
least some thought. The methods used 
to eliminate future corrosion troubles 
are numerous: 

1. Some companies make a careful 
soil survey of the proposed right-of- 
way to determine the coating proce- 
dure. The success of this method is 
almost entirely dependent upon the 
care taken and the experience of the 
persons making the tests. When this 
method is used it is common practice 
to coat all areas except those that are 
definitely known to be non-corrosive. 

2. It is the practice of some com- 
panies to coat all new lines completely. 
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STARR THAYER 


prior to becoming a consulting engi- 
neer in 1938, served the Uinted Gas 
Public Service Company as corrosion 
engineer for seven years—He re- 
ceived a bachelor’s degree in electri- 
cal engineering from Iowa State Col- 
lege, was a captain in the engineer- 
ing corps during the World War, and 
for many years was an electrical con- 
tractor, constructing power plants, 
electrical railroads, etc.—Thayer was 
one of the pioneers in the field of pro- 
tecting pipe lines cathodically, and is 
regarded as an authority on that sub- 
jeet as well as on corrosion problems 
in general—At the present time he is 
a member of the Corrosion Committee 
of the American Gas Association. 




















There is not much to be said against 
this method except that possibly some 
sections would not need the coating. 
Operators using this method will gen- 
erally admit this but will counter with 
the question as to how one is to know 
which soils will not give trouble. 


3. It has been the custom of some 
companies to lay all lines unprotected. 
As “hot spots” develop later the pipe 
is replaced and coated in the affected 
areas. This is an expensive method, 
especially whenever the “hot spots” are 


Consulting Engineer, Houston, Texas 


extensive and frequent. The supposi- 
tion here is, however, that these re- 
placement costs will not be so great 
as the cost of coating the entire line. 
In some instances this is no doubt true. 


4. Considerable thought has been 
given by some companies to the idea 
of laying all lines bare and then elec- 
trically protecting the “hot spots” as 
they develop, or to so protect the en- 
tire line. To treat the “hot spots” in 
this manner would be more economical 
than replacing and coating the pipe. 
In fact, this is the chief reason that 
this type protection is so extensively 
used. It does not seem to the writer, 
however, that it is good engineering 
practice to lay a bare line and then 
install such protection. The cost of the 
protection equipment to protect the 
bare line would be considerably more 
than the cost of coating, plus the cost 
of equipment to protect a well-coated 
line. | 

5. In a few cases lines have been 
well-coated and the electrical protec- 
tion installed immediately. The idea 
here is that some faults in the coating 
will occur either during construction 
or because of soil stress later. The ap- 
plied electricity will protect these un- 
coated areas. If a highly resistant coat- 
ing has been used and the faults are not 
too large in area, very little current 
will be necessary to protect the line. 
With this type of coating it is not un- 
usual to protect 5 miles and even more 
with one small unit. A line so pro- 
tected should never have a rust hole or 
pit in it. 

Maintenance of Old Lines 


The operator may know what con- 
stitutes a good coating and he may be 
using one on all new construction. If 
his is an old system, however, it is quite 
likely that he has many miles of line 
with inferior coating or none at all. 
These are the lines that are causing 
most maintenance troubles, due to cor- 
rosion. How, when, and where to at- 
tack these losses is probably one of his 
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chief concerns. Briefly, this problem is 
generally approached in one or more 
of the following methods: 

1. As the location of “hot spots” 
is determined by the frequency of leaks 
the affected line is taken up and re- 
placed with new or reconditioned pipe. 
The replacement is generally coated. 
This is often an expensive program due 
to the frequency and extent of the af- 
fected areas; however, some companies 
have found they can so maintain their 
lines and keep within the cost allowed 
for this item. When using this method 
care must be taken to be positive that 
the replacement pipe extends well be- 
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yond the affected area. If it does not 
the “hot spot” will merely be extended. 

2. As “hot spots” develop, many 
companies now install electrical pro- 
tection to cover the affected areas, Ob- 
viously, this would not be done on a 
very small pipe if the area was but a 
few feet in extent. This method has 
been a life-saver for the pipe-line in- 
dustry. Of the hundreds of these in- 
stallations now in use most were in- 
stalled for this purpose alone—to pro- 
tect a “hot spot.” True, some of these 
spots may have been several miles in 
extent. 

3. Many companies do not wait for 
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the “hot spots” to be determined by 
the occurrence of leaks. Surveys are 
made to determine where the pipe is 
most affected and the pipe is examined 
in these areas. Several methods are used 
in making these surveys. One common 
practice is to trace the electrical cur- 
rents on the pipe to the points of dis- 
charge into the soil. This method has 
been found very satisfactory by the 
companies using it. It has been found 
that care must be taken to get a good 
contact to the pipe and a good instru- 
ment must be used to measure the cur- 
rent. Considerable skill is required by 
the examiner if the survey is to be ac- 
curate and not too costly. Some com- 
panies make some form of a soil an- 
alysis to determine suspected areas. 
Here again considerable experience is 
necessary to make this a satisfactory 
method. Some companies examine the 
pipe where, in the opinion of the ex- 
aminer, the poorest pipe is likely to be 
found. This method must rely entirely 
upon the experience of the examiner. 
In each case someone must make a de- 
cision as to what is to be done with 
the affected areas so found and when. 
If the line is several years old and 
pitting is not very deep, of course 
there is no immediate concern. In any 
event the worst areas will probably be 
given first attention. 


4. At least one company installs 
electrical protection where it is con- 
venient and inexpensive to do so, re- 
gardless of the condition of the pipe. 
In this case units are installed at booster 
stations and the protection forced to 
extend as far as possible in both direc- 
tions. Fortunately the pipes are well 
coated and many miles of protection 
are obtained from each station. When 
this program is completed and each 
station is so equipped it is estimated 
that a greater part of this system will 
be protected from corrosion. This is 
almost an ideal situation but probably 
is not so easily adaptable to some other 
systems. 


Developments in Electrical Protection 


Since this protection was first used, 
some nine or ten years ago, there has 
been a steady improvement both in 
equipment and methods of application. 
There also has been a steady increase 
in the number of companies using the 
method. Last year 26 companies re- 
ported that they had installed a total 
of 542 units. This list was not com- 
plete. These units were protecting 2000 
miles of pipe. The different types of 
units were divided as follows: 


Rectifiers ae 151 
Motor-generators — 
Windmills ase 
Engines. — 
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The above data were gathered by 
L. F. Scherer of The Texas Pipe Line 
Company of Houston, Texas, and pre- 
sented before the annual meeting of 
the A.P.I. in November, 1939. 


Rectifiers 


The capacity of each individual cell 
of the rectifier unit has been greatly 
increased during the last few years. 
The result is that there units are now 
much smaller than the ones first used 
and there has been a corresponding de- 
crease in cost. There is quite a marked 
tendency now to erect power lines 
along the right-of-way and install 
many small units rather than a few 
large ones. When considerable pipe is 
involved there is no doubt but what 
this is good engineering practice. This 
type of construction has been made 
possible by recent developments in 
power-line construction, which has 
greatly lowered the cost. One company 
recently completed an installation cov- 
ering about 20 miles of bare pipe line. 
Approximately 60 rectifiers were used. 
When this type of construction is used 
the power may be purchased, or if that 





necessary to apply a constant and suf- 
ficient amount of current to protect 
the pipe completely or the leaks will 
not cease entirely. If wind conditions 
are favorable, and if the protection is 
applied before the pitting is too severe, 
then this unit will give satisfactory 
results. 


Engines 
Several gas pipe line companies use 
a unit consisting of a gas engine driv- 


ing a generator with good results. Some 
of these are factory-assembled units 


and others are assembled by the pipe 
line company. Fuel is obtained by 
tapping the gas line. Some engines are 
air-cooled and some use a fluid for cool- 
ing. If water is used, care must be 
taken to guard against freezing. Most 
of these engines are protected against 
overheating caused from lack of oil, 
etc. When it is possible to give these 
units proper inspection they have 
proved quite satisfactory. The degree 
of success is, in nearly every case, de- 
pendent upon the attention given the 
equipment. 
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i ing or overlapping. By eliminating all contact between the 
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found to be practicable and economical i prevents excessive wear, injury or breakage of cable strands, 
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are inspected frequently. They do not Y write for Bulletin No. 19-OF. 
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Windmills ee 
| gerous accidents, 


As will be noted in the list of units 
given, almost half of the total number 
of installations has been windmills. One 
reason for this is that when power is 
not available it is the only unit that 
can be used on oil lines. No satisfac- 
tory engine is yet on the market | 
that will operate on pipe-line oil. There 
have probably been more misapplica- | 
tions of windmills than any other type | 
of unit. They have been installed | 
where there was not sufficient wind | 
most of the time. They have also been 
too often connected to too much pipe. | 
In other words, frequently one unit has | 
been installed where there should have 
been two or more. 

Unless these units are installed under 
favorable conditions they cannot be 
expected to stop the frequency of leaks 
completely. If pipe is allowed to reach 
the stage when leaks are frequent it is 
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Nominations For 194l 
Officers A.S.M.E. 


Nominations for 1941 officers of 
The American Society of Mechanical 
Engineers have been announced by 
Prof. O. A. Leutweiler, chairman 
of the National Nominating Com- 
mittee. Election will be by letter bal- 
lot of the entire membership of 15,000, 
closing on September 24, 1940. 

The nominees as presented by the 
committee are: 

President—William A. Hanley, in 
charge of engineering, Eli Lilly and 
Company, Indianapolis, Indiana. 

Vice-presidents—Dean Samuel B. 
Earle, School of Engineering, Clemson 
Agricultural College, Clemson, South 
Carolina; Frank H. Prouty, partner, 
Prouty Bros. Engineering Company, 
Exchange Building, Denver, Colorado, 
and Edwin B. Ricketts, mechanical 
engineer, Consolidated Edison Com- 
pany of New York, Inc., 4 Irving 
Place, New York, New York. 

Managers—Prof. Huber O. Croft, 
head of Mechanical Engineering De- 
partment, State University of Towa, 
Iowa City, Iowa; Prof. Paul B. Eaton, 
charge of Mechanical Engineering De- 
partment, Lafayette College, Easton 
Pennsylvania, and George E. Hulse, 
chief engineer, Safety Car Heating and 
Lighting Company, New Haven. Con- 
necticut. 





Lukens Appoints Conway 
Special Engineer 


Martin J. Conway, who has been 
fuel engineer for Lukens Steel Com- 
pany, Coatesville, Pennsylvania, since 
August, 1926, has been transferred to 
the sales department of the company as 
special engineer for the petroleum in- 
dustry. 

Conway was born in England and 
was graduated from Oxford Univer- 
sity in 1914 with degrees in mechani- 
cal engineering and chemical engineer- 
ing. 

From 1914 to 1920, except for the 
war years when his activities were di- 
rected toward government work, Con- 
way was in charge of tar distillation 
and by-products operation at the 
Blaenavon Iron and Coal Company, 
Ltd., Blaenavon, Monmouthshire, Eng- 
land. Concurrently, Conway was a 
consulting engineer handling the de- 
sign of distillation plants for Fraser 
and Company, Dagenham, Essex, Eng- 
land. 

From 1926 until recently, Conway 
has been fuel engineer for Lukens Steel 





Company in charge of producer gas 
plants, boiler plant operation, furnace 
and fuel efficiency, distribution and 
engineering work of special interest 
dealing with both fuel and metallurgy, 





New Instruments Will Bring 
Bottom of Oil Wells Into 
the Laboratory 


The bottom of an oil well soon may 
be forced to give up the last of its 
deeply held secrets, the secrets which 
despite the continual advances in pe- 
troleum engineering still make oil pro- 
duction an inexact science, says a re- 
lease of the American Petroleum Insti- 
tute. 

Petroleum geologists and engineers 
through years of patient piecing to- 
gether of facts and theories have de- 
veloped a pretty fair knowledge of 
what oil formations 5,000 to 10,000 
ft. below the surface look like, and 
how they act. Although the amount 
of this derived data now is tremen- 
dous and already has made it possible to 
produce oil with reasonable assurance 
of maximum oil recoveries, actual con- 
ditions in the oil formations still are 
understood only imperfectly. 

Petroleum engineers very much 
would like to know just how the oil 
and gas and water are distributed 
through the pore spaces, in what exact 
volume, and under what conditions of 
pressure and temperature. No one, un- 
fortunately, ever has seen the bottom 
of an oil well and been able to watch 
it in action, and probably no one ever 
will. 

Now, however, it looks as though 
they are approaching the realization of 
this desire to sit in on the actual reser- 
voir—in reverse. An instrument near 
perfection promises to bring the reser- 
voir, or at least a valuable sample of 
it, into the laboratory. The instrument 
—the pressure core barrel—will pre- 
serve, for the leisurely inspection and 
testing of the scientist, a piece of the 
underground reservoir exactly in the 
shape and under the pressure and tem- 
perature conditions in which it occurs. 

Development of the core barrel, a 
coéperative project of the U. S. Bureau 
of Mines and the American Petroleum 
Institute, is complicated by a host of 
almost insurmountable difficulties, one 
of the most troublesome of which has 
been the tremendous pressures that oc- 
cur in many reservoirs. Final perfec- 
tion of the core barrel probably will 
settle once and for all many vexing 
questions about that illusive, migra- 
tory, but vitally important resource, 
petroleum. 
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